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Abt.  I. — The  Determination  (^Mineral  and  Socle  Denintiet 
at  Sigh  Temperatures  ;  by  Abtbdb  L.  Day,  R.  B.  Soshan, 
aod  i.  C.  HoaTRTTBR. 

1.   Exitting  Data. 

Bbfobb  discuBBing  brieHy  the  existitig  data  on  the  change  of 

specific  volume  with   temperature,  we  shall  mention  several 

misinterpretations  and  niieunderstandings  which  have  occaeion- 

allr  appeared. 

Id  the  first  place,  tlie  sharp  distinction  between  a  glassy  and 
a  crystalline  snbetance  has  not  always  been  kept  in  mind.  A 
glase  is  essentially  a  liqnid  which  has  cooled  without  crystalli- 
zstion  to  a  point  where  its  viscosity  has  become  so  great  as  to 
give  it  the  mechanical  rigidity  of  a  solid  without  the  addition 
of  any  new  property.  The  cooling  has  resulted  in  no  release 
of  the  heat  of  fusion,  nor  has  it  developed  a  discontinuity  in 
any  physical  or  cliemicai  property.  There  has  therefore  been 
no  change  of  state  (freezmg  point)  and  no  one  temperature 
which  possessed  more  physical  signilicance  than  another  in  the 
entire  process  of  cooling  to  the  temperature  of  the  surround- 
ings. The  same  is  true  of  the  reverse  operation  ;  inasmuch  as 
the  glass  acquired  no  new  property  on  cooling,  it  has  none  to 
give  up  on  reheating,  and  there  is  no  melting  and  no  melting 
temperature.  We  must,  therefore,  associate  glasses  with 
"liquids,"  not  with  "solids." 

By  definition,  the  temperature  at  which  crystals  of  a  sub- 
stance (the  "solid"  phase)  will  exist  indefinitely  in  contact  with 
their  "liqnid,"  unless  heat  is  added  or  withdrawn,  is  the  true 
melting  temperature  of  the  substance.  Above  it  the  liquid 
alone  is  stable,  and  below  it  only  the  crystals  arc  stable.  But 
if  the  substance  be  very  inert  it  may  exist  for  very  long  periods 
iu  the  temperature  region  in  which  it  is  not  stable  (as,  for  ex- 
Am.  Jon*.  Sci.— FouBTH  SiBiM,  Vol.  XXXVII,  No.  SIT.^ahcirt,  1914. 
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ample,  in  the  form  of  a  cold  glass),  and  tlie  properties  charac- 
teristic of  the  gnbstance  in  the  form  Btable  at  this  teniperature 
Di^  tliereby  be  completely  veiled. 

In  passing  from  the  amorphons  or  glassy  condition  over  to 
the  crvstalline  condition  a  componnd  usnalfy  undergoes  a  sud- 
den cTiaitge  of  specific  volume.  It  is  obvious  that  with  rising 
temperature  a  slass  might  increase  in  specilic  vohime  continu- 
ously, and  perliaps  at  the  same  time  irregularly,  in  softening 
gradually  to  its  normal  liquid  state;  yet  the  fact  would  indicate 
nothing  as  to  the  amount  or  even  the  direction  of  its  specific 
volume  change  in  passing  from  the  amorphous  (liquid)  state  to 
the  crystalline  state. 

In  the  second  place,  it  should  be  noted  that  a  rock,  which  ie 
nearly  always  a  mixture  or  solid  solution,  behaves  very  differ- 
ently from  a  single  chemical  compound.  The  single  compound 
melis  at  a  definite  temperature,  whether  its  liquid  be  viscous 
or  not,  in  accord  with  the  above  definition  ;  the  rock  liquefies, 
continuously  or  in  distinct  steps  according  to  the  thermal  char- 
acteristics of  its  individual  components,  and  through  a  range 
of  temperature  which  may  be  very  wide.  Wo  cannot  speaK, 
then,  of  the  "  volume  change  on  melting"  of  a  rock  as  though 
it  were  a  specilic  property,  but  only  of  the  "  volume  changes 
between  the  temperatures  (.and  (,."  With  rising  temperature, 
some  of  these  changes  of  specific  volume  may  be  positive,  some 
negative;  some  will  occur  at  one  temperature,  some  at  another; 
and  the  total  between  temperatures  t,  and  ^,  may  be  an  increase 
or  a  decrease. 

Indirect  Eetimates. — The  most  of  the  estimates  of  the  vol- 
ume changes  in  rocks  solidifying  from  an  amorplious  state  are 
drawn  indirectly  from  the  specifit;  gravities  at  20°  of  the  glasay 
and  the  crystalline  rock  respectively.*  In  general,  the  specific 
volumes  of  silicate  eiasses  at  20°  have  been  found  to  be  greater 
than  those  of  crystalline  solids  of  the  same  composition.  Hence 
if  the  dilatation  coefficients  of  the  solid  and  the  glass  are  nearly 
equal,  the  rock  may  be  assumed  to  have  undergone  a  net  ex- 
pansion in  liquefying. 

Estimates  made  from  this  standpoint  are  subject  to  several 
large  uncertainties.  The  unknown  rate  of  volume  dilatation 
with  increasing  temperature,  and  the  frequent  changes  in  thin 
rate  through  inversions  in  the  solid  state,  are  large  unknown 
factors.  Then,  too,  the  glass  sometimes  cools  with  the  iiiclo- 
sure  of  fine  gas  hubbies  which  make  its  volume  appear  too 

*A.  Hnrlier,  Natnrnl  Historj  of  Igneoni  Rooks,  p.  158,  1009.  F.  Zirk«l, 
Lebrb.d.  Pptmgr..  i.  p.  080-685.  1893.  A.  Delesoe.  RecbercheBsur  lea  Verrea 
pruTenaot  de  U  FnsioD  des  Rochee,  Ball.  Soc.  Geol.  France  (2),  iv,  1880, 
184T.  J.  A.  Doaglas.  On  obanges  of  physical  eonstants  wbicb  take  place  in 
certain  minerals  and  rocki  on  the  passage  from  the  cryslallioe  to  the  gluej 
Btote,  Qaart.  Jour.  Geol.  Soc.,  liiii,  145-101,  IWT. 
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large,  while  on  the  other  hand  the  procese  of  fusion  freqnenti; 
changes  the  origins!  composition  by  driving  off  water  or  other 
volatile  conetitnents,  a  change  which  may  lead  to  an  apparently 
smaller  volnme  for  the  glass  than  for  the  crvstal. 

There  are  a  few  cases  known  of  natural  glaeees  which  are 
denser  than  the  corresponding  rocke.  It  is  not  altogether  cer- 
tain, however,  that  this  is  not  dne  to  small  differences  in  com- 
poeition.  Thas,  Delesse*  found,  that  the  glassy  portion  of 
certain  basic  dikes  in  Scotland  was  from  1-5  to  4  per  cent 
denser  than  the  crystalline  portion. 

In  general,  it  may  be  said  that  if  the  glass  has  a  considerably 
greater  volnme  than  the  crystalline  solid  (10  per  cent  or  more), 
it  is  fairly  certain  that  tlie  solid  will  expand  in  liquefying. 
But  as  a  l^is  for  comparing  the  volume  at  high  temperatures 
of  one  type  of  rock  in  the  crystalline  state  with  another  type 
of  rock  in  the  molten  slate,  tiie  volumes  at  ordinary  tempera- 
tures are  qnite  unreliable. 

Evidence  that  is  even  more  indirect  than  the  comparison  of 
volumes  at  ordinary  temperature  has  been  offered  by  other 
anthors.  Some  of  these  have  supported  a  supposed  general 
expansion  of  rocks  in  crystallizing.  For  instance,  Langf  in 
1875  concladed,  from  microscopic  observation  of  basalt  in  com- 
parison with  gypsum,  that  jointing  of  rocks  is  due  not  to  con- 
traction but  to  the  pressure  developed  by  expansion  during 
solidification.  StiibelJ  has  based  a  tneory  of  volcanicity  upon 
eoch  a  snpposed  expansion.  This  same  theory  was  put  forth 
by  Bornemann  in  1887.§  He  found  experimentally  that  mel- 
anite  crystals  inclosed  in  leiicite  can  be  fused  without  disturbing 
the  leucite,  and  that  the  fused  silicate  cools  to  a  glass  containing 
bnbbles  or  vacuoles,  indicating  that  the  glass  occupies  a  smaller 
volume  than  the  original  crystai-H  The  amount  of  the  contrac- 
tion was  estimated  to  be  4  per  cent. 

On  the  other  hand,  Gilbert,  in  1877,1  estimated  that  the  tra- 
chyte of  the  Henry  Mountains  hnd  contracted  by  about  one- 
tenth  of  its  volume  from  the  liquid  to  the  cold  crystalline  state. 
This  estimate  was  based  on  the  densities  of  the  sedimentaries 
and  on  the  hypothesis  that  the  horizon  of  the  laccolitic  intru- 
sions was  determined  solely  by  the  relative  densities  of  the 
liquid  magma  and  the  invaded  rocks. 

'Deleaae,  Add.  Ulaea<5).  liii,  369,  1859. 

f  Jshraah.  A.  Ver.  t.  VatariBnd.  Natnck,  in  WUrtteabUTg,  mi.  336,  1875. 
X  A.  Stiibel:  Die  VnlkaDbergs  voa  Ecuador,  p.  367-37S,  Berlin,  1897. 
gj.  C.  Bomeraiiiin:  Ueber  Schlackenkegtil  nnd  LaveD.     Koenigl.  FreDis. 
geol.  LandeuDst,  Jahrb.,  279,  1887, 
[Ibid.,  p.  2S2-S58. 

' >.  73-80.     (U.  S.  Geographical  and 
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Direet  Meaauremente. — In  addition  to  tho  estimates  obtained 
by  these  indirect  methods,  direct  njeasurements  of  the  volume 
cnange  accompanying  the  liquefaction  of  rocks  and  rainerala 
have  been  attempted.  The  most  of  these  liave  depended: 
(1)  upon  the  floatinf;  or  sinking  of  a  solid  body  in  the  molten 
rock  ;  (3)  upon  direct  measurement  of  the  volume  changes  in 
a  given  mass  of  molten  material. 

Observations  are  on  record  of  the  floating  or  sinking  of  lava 
crasts  in  liquid  lava  and  of  the  floating  of  solid  bodies  thrown 
into  lava  lakes.*  The  data  are  contradictory  and  nnsatisfac- 
tory.  The  floating  of  lava  crusts  is  iisnally  due  to  their  spongy, 
porous  strncture ;  in  the  lava  lake  of  Kilauea,  for  instauoe, 
these  crusts  sink  rapidly  wlien  freed  from  their  entrapped  or 
supporting  gases. 

Flotation  experiments  on  a  email  scale,  with  molten  rocks, 
artificialsilicates,  or  metalhirgical  slags,  have  also  yielded  contra- 
dictory results.  Whitley,t  in  1878,  concluded  from  such  exper- 
iments that  there  is  contraction  in  the  liquefying  of  basalt  and 
of  iron-furnace  slags.  Doelter,^  in  1901,  from  the  sinking  or 
floating  of  solid  bodies  of  varions  densities,  concluded  that  there 
is  a  net  expansion  in  the  liquefying  of  melanite.  angite,  and 
several  rocks,  and  estimated  its  amount.  As  no  account  seems 
to  have  been  taken  of  the  expansion  of  the  test  substances,  the 
resalts  have  little  quantitative  value.  Poelter  later  improved 
the  method  by  using  a  platinum  sphei-e ;  %  he  estimates  from 
measurements  made  with  the  new  apparatus  that  the  density  of 
liquid  diopside  near  its  melting  point  is  28.  Fleischer |  takes 
the  opposite  view,  that  lavas  expand  in  solidifying;  his  argu- 
ments, drawn  from  a  variety  of  laboratory  data  of  a  rather 
indirect  kind,  are  unconvincing. 

Nies  and  WinkeimanriT^  obtained  no  satisfactory  results  by 
the  flotation  method.  The  earlier  literature  is  well  summarized 
in  their  articles,  which,  however,  are  concerned  chiefly  with 
metals. 

Mesfinrements  of  the  actual  expansion  or  contraction  of  mol- 
ten slags  and  lavas  began  with  Bischof**  about  1838.  He  esti- 
mated a  total  contraction  of  from  10  to  25  per  cent  in  passing 
from  tlie  molten  to  the  cold  crystalline  condition,  in  basQlt, 
trachyte,  and  granite.     Similar  measurements  were  made  by 

•See  F.  Zirlcel,  Lehrb.  d.  Petrogr.,  i,  6S4,  1B93. 

t  Nstnre,  iTill,  3»7.  1878. 

tNeaoB  Jahrb.  Mm..  1901,  II,  141-157. 

gDoflterandSirk,  Sitzb.  Wien.  Akad.,  cw,  i.  «5fl-«70,  1811 

I  A.  FleiBcber,  Zeilscbr.  Dent  Qeol.  Oes.,  Iv,  60-66. 1003;  Ivi),  201-214,  IMS; 
Uii,  133-131,  317-321,  1907;  U.  254-358.  1908. 

f  F.  Nieaand  A.  WinkelmaQn,  Ann.  Pbf  s.  <2),  liii,  48-88.1881.  F.  Niaa, 
t^r  d.  Verhalten  d.  Sili^-ate  beim  VbergaDK  am  dem  glathaUwixeD  in  den 
festen  AgRregatr.aatsnd,  l^tattgart,  1869. 

••  Nenea  Jahrb.  Uio.,  539,  I84I  ;  1-54,  1843. 
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Forbes,*  Ma11et,f  and  BaruB,t  all  of  whom  observed  contraction 
in  passing  from  liquid  to  solid.  Jolyused  a  novel  method^  iu 
observing  the  expansion  of  spberical  beads  of  different  mineral 
glaeees  with  rising  teinperatnre,  by  projecting  the  magnified 
image  of  a  bead  on  a  screen.  All  of  these  measurements  hare 
been  open  to  the  serious  criticism  mentioned  in  a  preceding  par- 
agraph, that  the  6ul)etances  cooled  parti;  or  wholly  to  glass; 
tiie  measurements  therefore  did  not  mclude  (or  only  partly  in- 
cluded) the  change  of  state  liquid-solid  concerning  which  infor- 
mation was  sought. 

The  measurements  by  Barns  were  probably  the  beat  np  to 
that  time,  and  have  been  bo  frequently  quoted  that  they  deserve 
further  description.  His  method  consisted  in  completely  filling 
a  platinum  tube  with  melted  diaba6e,S  and  following  the' down- 
ward movement  of  the  surface,  as  the  melt  cooled,  by  means 
of  a  platinum  contact  point  carried  by  a  cathetometer  outside 
of  the  fnmace. 

By  preliminary  fusion  in  the  open  air,  Barns  found  that  the 
melted  diabase  cooled  to  a  glass  without  crystallizing.  He  states, 
therefore,  that  "  throuehont  this  paper  the  molten  rock  solid- 
ifies into  ao  obsidian.''*!'  On  the  basis  of  his  own  statements 
it  has  therefore  been  assnmed  that  he  really  did  not  observe 
the  volume  change  accompanying  the  passage  from  Hcmid  to 
crystalline,  and  the  irregularity  which  he  undoubtedly  did 
omerve  has  remained  an  unexplained  anomaly.  But,  as  we 
shall  see  later,  the  rock  really  crystallized  in  part  under  the 
conditions  of  slow  cooling  within  his  platinum  tube,  and  the 
sudden  volume  change  which  he  observed  at  about  1095°  repre- 
sents a  part  of  the  difference  in  volume  between  crystalline  and 
glassy  rock  at  that  temperature. 

According  to  Barus'  figures,  the  difference  in  specific  volume 
between  diabase  and  diabase  glass  at  20°  is  11  per  cent  of  the 
volume  of  the  crystalline  rock.  At  about  1100°  he  found  a 
contraction  of  S-fl  per  cent  in  the  glass.** 

Barns  also  observed  that  on  reversing  the  measurements  and 
heating  the  rock  until  fluid,  the  volume  change  was  more  grad- 
ual and  came  at  a  higher  temperature  than  tlie  contraction  on 
solidification.  The  reason  for  this  will  become  clear  from  our 
own  experiments, 

•  D.  Forbe^  Chem.  Npirs,  p.  8,  186S. 

fK.  M&tlet,  Pbil.  Tran*.,  cUiii,  147-337.  1878. 

tC.  BainB.  U.  S.  Oeol.  Sarrey  Bull.,  ciii,  26-44,  1693. 

?J.  Joly,  Tr»nB.  Soy.  Soc.  Dublin  (2),  ti,  283-804,  1S4T. 
The  roclc  in  deecribed  as  "  a  typicaJ  diabase  obtained  from  Ur.  Clarenae 
JCiag"  (then  Director  of  tho  U.  S.  Geological  Snrrey).     No  information  as  to 
ito  origin  was  pnblisbed.    It  appears  to  have  come  from  the  Paliwde  diabase 
aloDK  the  Hnuaon  Biver. 
*i  Loc.  cit.  (Boll,  ciii),  p.  S6 ;  also  pp.  25,  36. 
■•Loc.  cit,,  p,  41. 
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3.  JUethod  and  Apparalue. 

After  consideration  of  the  experimental  difficnlties  and  the 
opportnnities  for  error  in  the  few  uiethode  availahte  for  dens- 
ity determinations  at  higli  temperatures,  we  adopted  the 
method  of  Archimedes,  namely,  weighing  the  displacement  of 
a  liquid  of  known  density.  TIte  principal  difficulty,  as  with 
all  mvestigations  at  high  temperatures,  is  with  materials  of 
construction.  Those  used  finally  were  graphite,  which  in  a 
reducing  atmosphere  retains  its  form  indefinitely,  Marquardt 
porcelain,  which  does  not  soften  appreciably  below  1600  ,  and 
alundum  (AI,0,),  which  melts  at  about  2050°,  hut  is  very  por- 
ous. Fure  magnesia  is  also  available,  but  lacks  mechanical 
strength  and  permanence. 

The  liquid  to  he  used  should  have  the  following  properties : 
(1)  high  boiling  point,  (2)  low  melting  point,  (3)  low  volatility 
between  these  tern  pei-atii  res,  (i)  high  density,  (5)  no  chemical 
reaction  with  graphite,  (6)  no  action  on  the  minerals  to  be 
examined.  Silver  and  tin  best  fulfil  these  conditions.  Tin 
has  the  advantage  over  silver  of  a  very  low  melting  point 
(232°),  and  the  disadvantage  of  lower  sensitiveness  because  of 
its  lower  density. 

The  substance  to  be  investigated,  being  always  lighter  than 
the  metal,  was  contained  in  an  inverted  graphite  crucible.  The 
measurement  consisted  iu  determining  tlie  weight  necessary  to 
immerse  the  crncible  and  material  to  a  given  depth  on  the 
stem  of  the  crucible.  Because  of  the  gases  given  off  by  natu- 
ral rocks  and  minerals  when  heated,  both  the  liquid  metal  and 
the  containing  crucible  must  be  such  as  to  release  tliese  gases 
(or  imprisoned  air)  at  once.  Imprisoned  gas  bubbles  would 
destroy  the  significance  of  the  measurements.  The  success  of 
the  particular  form  of  apparatus  used  therefore  depends  upon 
the  permeability  of  graphite  to  these  gases.  As  noted  above, 
the  use  of  a  graphite  crucible  requires  the  maintenance  of  a 
reducing  atmosphere  within  the  furnace. 

In  the  form  of  apparatus  first  tried,  the  weight  was  applied 
at  the  top  of  a  long  porcelain  stem  projecting  upward  from  the 
crncible  through  the  top  of  the  furnace.  But  the  center  of 
gravity  of  tliis  fystem  was  too  high,  with  the  result  that  to 
prevent  tilting  guides  were  required,  which  introduced  too 
much  friction.  The  weight  was  therefore  applied  below  (fig, 
1),  by  means  of  a  cage  surrounding  the  large  crucible  contain- 
ingthe  metal. 

The  fixed  level  to  which  the  float-crucible  was  immersed 
was  found  by  electrical  contact.  A  circuit  from  a  storage  cell 
through  a  galvanometer  entered  the  bottom  of  the  furnace  and 
made  connection  with  the  graphite  crucible  containing  the 
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metal  by  meane  of  a  graphite  rod  (R  in  fig.  2),  held  always  in 
contact  with  the  bottom  of  the  crncible  by  a  spring  at  its  lower 
end.     The   other  terminal  from  the  cell  connected,   through 
the  pan  on  which  the  weights  were  placed,  with  the  graphite 
cage,    which   carried  a  pointed  pin  (A  in  fig.  1)  on  its  upper 
cross-bar.     The  circuit  was  complete  through  the  galvanometer 
when  the  graphite  point  touched  the  siir- 
face  of  the  metal.     This   arrangement   re- 
quired   that    the     inverted     float-crucible 
snonld  be  insulated  from  the  cage,  and  also 
that   the   cage   should  not  touch  the  lat^ 
crncible  containing  the  metal. 

Fig.  1  iB  a  section  of  the  apparatus  as 
used,  showing  how  these  requirements  were 
met.  G  is  the  inverted  graphite  float-cruci- 
ble, containing  a  block  (S)  of  the  substance 
to  be  examined.  F  is  the  graphite  cage  or 
frame.  The  platinum  wire  P  hangs  from 
the  lower  cross-bar  of  this  frame  through  a 
small  hole  (H  in  fig.  2)  in  the  bottom  cover 
of  the  furnace,  and  on  its  lower  end  is  bung 
a  copper  or  aluminum  pan,  W,  for  the 
weights.  The  stein  (B)  on  the  upper  cross- 
bar of  the  cage  allows  cage  and  crucible  to 
be  lifted  free  of  the  liquid  metal  before  its 
solidification  at  the  end  of  the  measure- 
ments, by  means  of  a  hook  let  down  from 
above.  Tlie  float-crucible  is  insulated  from 
the  cage  by  the  ring  of  magnesia  (E),  and 
the  whole  is  pinned  together  by  two  graph-  i 

ite  pins  about  a  millimeter  in  diameter,  so 
that  the  float  can  be  lifted  up  with  the 
cage.  Magnesia  was  here  used  instead  of 
porcelain,  because  the  latter  yielded  slowly 
at  high  temperatures  to  the  constant  bend-  fig.  I.  Oraphita 
ing  stress  exerted  by  the  crucible  stem.  apparatna  for  ^ter- 

The   crucible,   C,   containing  the  metal,  '°!T^*'^^-"'',T^iV 
,,,  ','  r.Lj  aio\\A  and  liquid  sili- 

was  held  upon  a  column  of  tubes  and  screens  cates. 
of  Marquardt  porcelain  or  alundum,  locked 
together  so  as  not  to  get  oat  of  alignment.  The  lowest  tube 
stood  upon  three  set  screws  (D,  fig.  2)  by  which  the  column 
could  he  adjusted  vertically  until  the  float  and  cage  swung 
free.  Similar  screens  above  the  crucible  prevented  loss  of 
beat  by  radiation  upward. 

The  temperature  was  measured  by  a  platinum  platin-rhodium 
thermo-elemeut  inclosed  in  a  glazed  Marquardt  tube,  which 
was  immersed  in  the  metal  close  to  the  side  of  the  crucible  in 
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Fio.  2.     Carboti-tDbe  electric  fnmace  for  appantns  of  flg.  1. 
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order  not  to  iDterfere  witb  the  float.  The  e.m.f.  of  the  ele- 
ment was  ineasnred  in  terms  of  a  standard  cadmium  cell  with 
tlie  help  of  a  Wolff  potentiometer.  The  readings  were  con- 
verted to  decrees  on  the  standard  temperature  scale,  in  the 
manner  described  in  recent  puWicationa  from  this  laboratory.* 

The  opening  H  (tig,  2)  was  kept  closed  \>y  a  phig  of  asbes- 
tos, except  for  a  few  seconds  while  making  the  measure m en ts, 
in  order  to  maintain  the  reducing  atmosphere  within.  The 
admission  of  a  small  amonnt  of  air  at  this  point  cannot  be 
avoided,  however,  and  to  prevent  its  oxidizing  the  lower  cross- 
bar of  the  cage,  this  was  covered  with  a  thin  sheet  of  plati- 
oam.  The  loss  of  weight  from  the  cage  during  a  series  was 
then  less  than  0*1  gram.  This  was  corrected  for  in  the  calcu- 
lations. 

The  furnace  required  for  this  apparatus  must  give  a  uni- 
form temperature  np  to  1600°  in  a  space  about  80°"°  in  diam-. 
eter  and  200°"°  long.  For  this  purpose  the  carbon  tube 
fnmace  shown  in  fig,  2  was  employed.  It  was  built  on  the 
same  plan  as  onr  small  tube-furnace  used  for  the  melting  point 
of  platiHum,+  except  that  only  the  middle  portion  of  the  tube 
was  of  carbon,  ground  on  the  lathe  to  a  uniform  thickness  and 
diameter.  This  was  set  into  end  pieces  of  graphite  which  fit 
the  brass  water-cooled  terminals  and  reqiiire  no  copper  plat- 
ing or  soldering  to  give  a  good  contact.  The  carbon  tube  was 
BDrronnded  by  a  fireclay  tube,  and  the  intervening  space  filled 
with  carborundum.  The  outside  packing  was  of  petroleum 
coke.  This  furnace  took  about  750  amperes  at  10-15  volts  to 
reach  1600°. 

After  the  earlier  measurements  the  apparatus  was  enlarged 
to  obtain  greater  sensitiveness.  Tlie  second  furnace  was  of 
the  granular  carbon  resistance  type,  developed  at  the  Koenlg- 
liche  Porzellan-Mannfaktur  in  Charlottenburg.J  The  heated 
(one  in  this  furnace  was  about  130'"°'  in  diameter  and  250°°' 
long. 

The  graphite  apparatus  was  protected  from  oxidation  by  a 
mixtare  of  nitrogen  and  carlion  monoxide,  introduced  through 
a  tube  at  the  bottom.  This  gas  mixture  was  made  by  passing 
air  through  a  porcelain  or  iron  tube  tilled  with  coke  and 
standing  vertically  in  a  nickel  wire  resistance  furnace  kept  at 
about  1100°.  Only  18  grams  of  coke  are  required  to  furnish 
100  liters  of  gas  containing  two  parts  nitrogen  and  one  part 
carbon   monoxide.      The  gas    was   passed    through    suitable 
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abeorbing  agents  to  remove  traces  of  carbon  dioxide,  hydrogen 
snlpliide  and  water  vapor. 

3.     Prelimmary  MeaturemenU, 

The  first  datnin  necessary  is  the  density  or  volume  curve  of 
the  metal  up  to  the  highest  temperature  to  be  used.  As  an 
absolute  basis  for  determining  this  volume,  we  must  have  the 
measured  linear  or  volumetric  expansion  of  some  solid  sub- 
stance up  to  the  same  temperatuie.  T)ie  only  one  available 
seemed  to  be  amorphous  silica  (quartz  glass),  whose  expansion 
has  been  determined  by  several  investigators,  and  is,  further- 
more, so  email  as  to  be  almost  negligible.  We  sought  to 
employ  this  known  datum  by  making  two  series  of  measure- 
ments: first,  the  displacement  of  metal  by  a  solid  graphite 
float;  second,  the  displacement  of  metal  by  a  similar  float  in 
"whicli  as  much  as  possible  of  the  graphite  was  replaced  by 
some  silica  glass  disks,  cat  from  a  block  of  glass  made  by  Day 
and  Shepherd  in  this  laboratory.  A  series  of  simultaneous 
equations  was  tbns  obtained,  containing  the  density  of  eilver 
and  the  expansion  coefficient  of  graphite  as  nnknown 
quantities. 

Although  this  series  gave  tlie  density  of  silver  within  0'5 
per  cent,  the  results  were  not  entirely  satisfactory,  first  because 
the  silica  glass  crystallized  to  cristobalite  at  about  1200°,  cut- 
ting off  the  measurements  at  that  temperature;  and  second, 
because  too  much  uncertainty  was  left  in  the  expansion  coef- 
ficient of  the  graphite,  which  was  required  to  be  used  in  later 
work  as  a  correction.  Therefore,  direct  determinations  were 
made  of  the  expauston  of  the  graphite  itsed,  and  these  were 
taken  as  tlie  basis  for  the  volume  determiuations  on  the  metals. 

4.  Expansion  of  Graphite. 
The  data  on  the  expansion  coeflicient  of  Acheson  artificial 
graphite,  together  with  a  comparison  and  discussion  of  results, 
nave  already  been  published  elsewhere.*  The  measurements 
were  made  on  bars  aoout  700™°  long,  in  two  types  of  electrically 
heated  furnacesi  The  mean  coefficient  of  expansion  from  0 
is  expressed  by  the  formula 

10'|fi  =  0'55  -f  0-0016/. 

The  actual  determinations  are  plotted  in  fig.  3. 

To  obtain  an  accuracy  of  O'l  per  cent  in  the  specific  volume 
of  tin,  the  expansion  coefficient  of  graphite  needs  to  be  known 
with  an  accuracy  of  only  7'5  per  cent  at  1500°,  and  of  40  per 
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cent  at  500°.  The  effect  of  errors  id  the  expansioD  coefficient 
Dpon  the  meaenred  vohiine  of  tlie  metals  waB  therefore 
extremely  small.  Tlie  effect  of  a  similar  error  upou  the 
measnrea  volume  of  minerals  was  even  smaller,  because  oulj  a 
crucible  or  shell  of  graphite  of  small  volume  was  employed. 


MM 

ACMESON   GRAPHITE 

^ 
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-W 

b 

^ 

^ 

' 

6.     Specific   Yolwne  of  Metah  Vsed. 

It  is  hardly  worth  while  to  record  the  large  number  of 
observations  made  on  silver,  tin,  lead,  the  eutectic  of  tin  and 
lead,  and  other  lead-tin  alloys.  Tbe  data  on  silver  and  the  alloys 
are  not  complete,  and  as  thevalnesdonot  enter  into  the  volumes 
of  any  snbstances  discussed  in  this  paper,  they  will  be  reserved 
for  later  publication.  The  experimental  results  on  tin,  lead, 
and  the  lead-tin  eutectic  are  plotted  in  figs.  4  and  5,  These 
ioclude  three  series  on  tin  (11,  26,  and  28  October  1910), 
three  on  lead  (30  June  1911,  13  March  1912,  31  January  1913), 
and  one  on  the  eutectic  (16  June  1911).  The  eutectic  contains 
63  weight  per  cent  of  tin,  37  of  lead.* 

The  volumes  and  densities  at  round  temperatures  are  sum- 
marized in  Table  I. 

The  curves  of  figs.  4  and  5  have  been  completed  between  0° 
and  our  lowest  temperatures  of  measurement  by  inserting  the 
data  of  Vicentini  and  Omodei.  In  the  case  of  lead  their  value 
for  the  density  at  the  melting  point  is  apparently  too  low,  and 
we  have  put  in  Table  I  the  value  obtained  by  extrapolating 
onr  own  curve  over  the  veir  short  interval  of  11°  between  our 
measurements  and  the  melting  point. 

The  rolnme  curve  for  tin  is  very  nearly  a  straight  line  from 
•BonMmsiii].  HetallnrKie,  viii,  371-2TS,  ]»11. 
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the  melting  point  up  to  1600°,  but  k  slightly  concave  upward. 
The  graph  for  lead  is  perfectly  atraiglit  from  the  melting  point 
to  825°,  and  is  represented  by  the  formula : 

Kilogram-volume  =  90-05  -I-  0-0108  (. 

The  eorve  for  the  eiitectic  is  slightly  concave  downward. 

At  650°  the  kilogram-volnme  of  the  eutectic,  calculated  on 
the  assumption  that  the  volnme  is  proportional  to  the  weight- 
percentage,  should  be  129-6.  The  value  actually  found, 
1^988,  is  only  0-2  per  cent  higher  than  this.  The  difierence 
might  easily  be  brought  about  by  the  combined  errors  of  com- 
ponnding  tlie  alloy  and  making  the  three  separate  determina- 
tions of  volume.  In  other  words,  the  mixing  of  the  two 
liquid  metals  in  eutectic  proportion  is  not  accompanied  by  any 
contraction  or  expansion  in  the  total  volume. 

Tabu  I. 
Denalty  and  Volume  of  liqnid  tin,  l«ad,  aiid  lead-tin  eDt«cUo. 


Density 

KiloRrem-Volome 

Temp. 

._ 

Tin 

Lead 

Enteetio 

Tin 

L<«d 

Euiectie 

181 

C8-082)» 

(138-7) 

SCO 

(8068) 

(124-0) 

233 

(6-9e8)« 

(148-1) 

aoo 

(69821 

8-OH 

1148-2) 

124-88 

800 

«'943 

7966 

144.08 

126-55 

827 

10-686 

98-68 

8S0 

8908 

10-658 

78S1 

144-78 

98-83 

12825 

400 

6875 

10597 

7-879 

145-45 

94-87 

126-92 

4S0 

6-844 

10-586 

7-888 

146-11 

94-91 

127-58 

600 

6-814 

10-477 

7-800 

146-78 

96-46 

128  20 

550 

6.785 

10-418 

7764 

147-88 

95-99 

128-79 

eoo 

6765 

10-859 

7-731 

148-04 

06-68 

130-84 

660 

«-735 

10-802 

7-690 

148-70 

97-07 

139-88 

700 

6695 

10-246 

149-87 

87-61 

7M 

8'666 

10-1B8 

150-03 

E8-16 

800 

6687 

10-182 

150  87 

98-69 

650 

6  607 

10-078 

151-35 

99-28 

900 

6-678 

152-02 

BM 

6-548 

162-73 

1000 

6'518 

153-42 

1100 

6'459 

154-82 

1800 

6-890 

166-27 

1800 

6  840 

167-73 

1400 

6'S80 

159-24 

IBOO 

6-221 

160-75 

1600 

6162 

162-29 

•Vioentini  and  Omodei.     Atti  B.  Aoc.  Lineei.  iii,  pp.  385,  394,  821,  1887. 
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6.   Quartz. 

A  considerable  amount  of  data  already  exists  on  the  expan- 
sion of  quartz.  Fizeau*  and  Benoitf  have  determined  its  linear 
expansion,  both  parallel  and  perpendicalar  to  the  optic  axis, 
with  great  aceuracv  below  100°.  ReiraerdeeJ  lias  extended 
tfae  parallel  eoeScient  to  220°,  and  Randallg  to  500°. 
Le  CnatelierJ  made  approximate  measurements  on  botli  axes 
np  to  1060°,  at  a  comparatively  small  number  of  tempera- 
tures. 

The  qnartz  which  we  used  wae  all. from  Minas  Geraes, 
Brazil,  and  wae  in  the  form  of  clean  transparent  blocks  weigh- 
ing from  35  to  85  grams. 

Measurements  were  made  up  to  1602°  nnder  metallic  tin,  in 
the  inverted  cnicible  apparatus  described  on  page  7.  Check 
measQremente  were  also  made  in  another  form  of  apparatus 
designed  for  lower  temperatures  and  for  solid  blocks  only- 

This  apparatus  consisted  of  a  cage  eiuiilar  in  form  to  the 
graphite  cage,  but  made  of  monel  metal^f  (a  nickel-copper 
ailoyV  The  graphite  float-crucible  was  replaced  by  a  lour- 
pronged  metal  clasp  which  held  the  block  of  quartz.  The 
crucible  containing  the  metal  was  of  steel.  The  furnace  was 
wound  with  platinum  wire. 

Measurements  were  made  with  this  apparatus,  using  the 
molten  entectic  of  tin  and  lead,  the  density  of  which  had  been 
determined  by  means  of  a  graphite  block. 

The  individual  determinations  are  too  numerous  to  be  repro- 
daced  here.  Table  II,  giving  the  results  of  one  of  the  series, 
will  snflice  to  show  the  order  of  magnitude  of  the  quantities 
measured,  and  the  precision. 

The  first  column  gives  the  temperature,  and  the  second  the 
total  displacement,  which  is  equal  to  the  sum  of  the  weights  of 
the  sample,  the  graphite  crucible  and  cage,  the  pan,  and  the 
added  weights.  The  third  column  gives  tlie  density  of  liquid 
tin  at  the  temperature  in  question,  and  the  fourth  column  the 
resulting  volume  of  tin  displaced.  Subtracting  the  volume  of 
the  graphite  crncible  in  column  5  gives  the  volume  of  the 
sample,  and  dividing  this  by  the  mass  of  the  sample  gives  the 
specitic  volume  in  the  last  column.  For  convenience  this  is 
multiplied  by  1000,  so  that  the  tignres  represent  the  "  kilogram- 
volume"  or  volume  of  one  kilogram  in  cubic  centimeters, 

•Poga.  Ann.,  ciiviii,  564-589,  IBflB. 

tXraT.  Una  Bnr.  Int.,  vol.  vi,  1888. 

X  liuag.  Diss.  Jena,  18S6. 

gH.  H.  Randall,  Phye.  Itev.,  xx,  10-87,  1M5. 

I  H.  LeChstelier,  Compi.  rend.,  cyiii,  1048-1048.  1889. 

■rst««l.  which  was  HBed  at  firEt,  ia  too  mafjaetic,  sud  b  Bmall  error  ie 
introduced  on  acconnt  of  the  force  exerted  hj  the  fnmace  cnrreut. 
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Tabu  U. 
Eumple  of  Detonnlnstloiu  of  SptciAo  Tolnme  of  QokrU. 

Dkto 21  JuiQM7,  IlHl 

Wsigbt  of  ■peoimen B4-12g. 

Weight  of  cage,  et« Wli  g. 

Volnme  graphite  crocible  stO* 6'2I  cc 

HeUltued Tin. 


Kilo- 

Temp. 

ToUlw 

t.  '  Deu.  tin 

ToUl 
Tolume 

Volnme 
graphite. 

Volume 
qoarU 

Tolnme 

20 

__ 



12-877 

877-6 

450 

l«il 

'      6-644 

21-'42 

8-"^" 

18-19 

886-6 

SU 

1«'7 

.      8-806 

21-56 

8-28 

1382 

890-5 

«so 

lM-6 

.      e-785 

21-00 

828 

1886 

891-8 

SSI 

146-6 

8-778 

ai'61 

838 

18-38 

892^ 

685 

147-8 

'      5-764 

31-78 

823 

18-65 

8872 

800 

1471 

1      6-755 

3178 

8-28 

13-56 

807-S 

eso 

148-4 

'      8-735 

31  77 

8-84 

18-63 

396-6 

701 

145-6 

,      6694 

21-75 

834 

1351 

3960 

TS5 

146  0 

1      6668 

21-76 

8-24 

18-52 

3968 

800 

144-8 

6637 

31-74 

8-25 

18-49 

395-4 

850 

148-7 

6-607 

31-75 

8-25 

1850 

8967 

900 

1430 

6-578 

81-74 

8-25 

13-49 

395-4 

950 

1481 

6-648 

(2186) 

8-28 

(13-59) 

(3BS-4) 

1091 

143'8< 

1     6-464 

(23-3) 

8-27 

(14  0) 

<410-) 

U«7 

143  8 

8419 

(28  3, 

(18-9) 

(407) 

1175 

141  ■» 

6414 

(■2a-0) 

8-28 

(18  7, 

<408-, 

1204 

140-6 

1      8-397 

(21-98) 

8-28 

(13-7) 

(403-, 
396-^ 

1S30 

188-81 

6870 

2179 

8-29 

1850 

1800 

1883 

1     6-840 

21-81 

830 

18-52 

8868 

1350 

188  0 

6-810 

31-87 

S'SO 

18-67 

397  8 

1392 

138-3 

6385 

21-99 

8-31 

18-68 

4010 

UOO 

188-8 

6-2H0 

3a02 

8-31 

18-71 

4010 

U50 

138-4 

6'350 

2-J-30 

8-31 

18-90 

410-1 

1500 

189-9 

6-221 

23'4U 

8  33 

1417 

415-4 

1550 

1430 

6103 

32-93 

8-88 

14-60 

4280 

1694 

144-2 

6166 

23-38 

8-84 

15  05 

441-2 

leoa 

146-4 

6161 

23-78 

8-34 

16-42 

462  0 

*  Oaa  BTolatioii  begioDing.     |  Qaa  escaping  rapidly.     %  Gas  evolution  ceased. 

The  vohimes  of  the  float-crucible  and  of  the  quartz  at  20° 
were  determined  by  replacing  the  molten  tin  by  mercury.  The 
volume  of  the  sample  was  also  checked  by  weighing  under 
water  in  the  usual  manner. 

Alt  of  the  experimental  data  on  quartz  are  plotted  in  fig.  6, 
and  the  six  series  of  measurements  are  listed  in  Table  III:  As 
will  be  seen  from  the  curve,  the  voinme  increases  mure  and 
more  rapidly  as  the  inversion  tem|>eraturc(^575°)  is  approached. 
Beyond  that  tempei-ature  the  volume  seems  to  decrease  slightly. 
The  escape  of  gases  beyond  950°  intermpts  the  measurements, 
and  the  points  shown  in   the  figure  represent  merely  chance 
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Fio.  6. 
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Talaes  of  apparent  volnme  dae  to  the  fact  that  the  eaa  escapee 
from  the  quartz  more  rapidly  than  it  can  get  out  tlirough  the 
graphite  float-«rQcil>le.  Bat  above  1250°,  when  the  evolution 
of  gas  had  practically  ceased,  there  are  a  few  points  which  indi- 
cate that  the  volume  either  continuee  constant  or  goes  on  dimtD- 
iehing  over  the  range  from  950"  to  1250°.  About  this  time, 
however,  the  formation  of  eristobalite  becomes  rapid  and  the 
volume  begins  to  increase  greatly. 

The  form  of  curve  below  575°  is  not  due  to  a  time  lag.  No 
effect  due  to  the  rate  of  heating  was  noticed,  and  the  volumes 
obtained  on  lowering  the  temperature  were  practically  the  same 
as  with  rising  temperature,  except  for  a  small  increase  (aboat 
0'2  per  cent)  due  to  the  formation  of  a  few  cracke  at  the  inver- 
sion temperature.  Data  with  both  rising  and  falling  temper- 
atures are  included  in  Qg.  6. 

Tabli  ui. 
KeaaoTementa  made  oa  Uinaa  Qene*  QnnTti. 


Tin-lead  eatectio  | 


48  98 

8412 
85-02 
8996 


Cinle 

TriaDgIa 

Crow 

lUTarted  triangle 

Diamond 


The  form  of  curve  which  we  have  found  for  the  volume 
increase  up  to  575°  is  somewhat  different  from  that  calcniated 
and  published  by  LeChatelier.*  His  determinations  below  675" 
were  at  three  temperatures  only,  and  the  volumes  calculated 
from  his  linear  expansions  at  those  temperatures  fall  almost 
exactly  on  our  curve.  Above  573°  his  values  for  the  volume 
are  too  low,  probably  because  hia  measnrements  were  made 
(photographically)  on  bars  100'"'°  long.  With  the  ends  exposed, 
as  they  must  have  been,  a  considerable  percentage  of  the  length 
may  never  have  reached  the  transition  temperature  with  it« 
accompanying  large  increase  in  length. 

The  increasing  dilatation  of  quartz  as  the  temperature 
approaches  575°  is  especially  striking  when  compared  with  the 
curves  for  various  other  properties.  Among  those  properties 
on  which  accurate  measurements  to  500°  or  higher  have  been 
made  are  the  following:  linear  expansion  parallel  to  the  axis, 
•  LeChBtelier.  Compt.  rend.,  cviii,  10*8-1049,  1889.  Bull.  Soc.  Fr.  Min., 
xiii,  113-118,  ltJ90. 
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ci^stal  angles  (F.  E.  Wright,  unpubiished),  double  refraction, 
retractive  index  parallel  and  perpendicnlar  to  ttie  axis,  and 
epecilic  heat.  While  some  of  these  properties  are  interdepend- 
ent, nevertheleBS  it  is  a  strikinf;  fact  that  in  every  case  the 
effect  of  the  change  at  575"  begins  to  be  felt  200°  or  more 
below  the  temperature  of  complete  invereion. 

All  of  these  various  properties  agree  in  showing  a  sudden 
break  in  the  enrve  at  575  .  In  other  words,  althongb  each 
property  shows  a  rapidly  increasing  effect  due  to  the  approach- 
ing inversion,  nevertheless  there  is  apparently  a  discontinuity 
Id  the  low-temperature  branch  of  the  curve.  The  iinal  stage 
of  the  transition  occurs  very  rapidly,  probably  within  O'l",  a 
range  of  temperature  too  small  to  be  controlled  and  measured 
with  our  present  forms  of  apparatus.  This  final  part  of  the 
cnrve  should  therefore  be  drawn  as  a  vertical  straight  line. 
The  optical  data  show  this  point  better  than  do  the  volume 
data. 

The  form  of  the  quartz  curve  is  not  that  which  would  result 
from  the  presence  of  two  molecular  species  in  equilibrium,  of 
which  the  one  is  increasing  in  concentration  at  the  expense  of 
the  other.  It  is  rather  the  form  of  curve  which  wou'd  result 
from  the  action  of  opposing  mechanical  forces, 

Varions  mechanical  models  of  such  a  system  will  suggest 
themselves.  For  instance,  the  curve  showing  the  relation  be- 
tween the  angular  velocity  and  the  moment  of  the  forces  on  two 
CO  axial  cylinders  rotating  in  water  has  a  discontinuity  like  that 
in  the  quartz  curve,  since  there  is  a  limiting  value  of  the  veloc- 
ity below  which  the  moment  is  proportional  to  the  velocity,  and 
above  which  the  square  of  the  velocity  enters. 

The  quartz  cnrve  therefore  tends  to  confirm  the  view,  well 
staled  by  Fenner  in  his  article  on  the  forms  of  silica,*  that 
the  alpha-beta  inversions  of  quartz  and  tridymite  represent 
only  a  rearrangement  of  the  molecnles  in  the  crystal,  whereas 
the  clian^  from  one  of  these  forms  to  another  represents  a 
real  change  in  the  constitution  of  the  molecule  itself. f 

The  unusually  small  variation  in  the  properties  of  the  high 
temperatare  quartz  with  rising  temperature  is  also  striking. 
It  is  pertinent  to  inquire  whether  there  may  not  be  some  con- 
nection between  this  fact  and  the  unusually  slow  time-rate  of 
melting  of  quartz.  In  both  of  these  respects  it  differs  from 
almost  all  other  known  solids.  Orthoclase  showb  an  interesting 
parallelism  in  being,  on  the  one  hand,  one  of  the  slowest- 
melting  of  the  silicates,  and,  on  the  other,  in  having  one  of 

*  This  JourDBl.  xi(*l.  865,  1913. 

t  Since  the  abovB  wbb  nrltten,  F.  E.  WriRbl  ha*  pablished  a  compariBon 
ud  discnsBion  of  the  quartz  cnrvea.  Joar.  Wasbington  Acad.  Sci.,iil,485- 
4B4.  ]»ia. 
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the  lowest  dilatation  coetficiente,  octnallr  contmcting  in  two 
directione  while  expanding  in  the  third.*  A  great  deal  of 
additional  work  on  the  propertien  of  matter  in  the  solid  state  is 
neceesary  before  these  relationships  can  be  understood. 

Escape  of  gates  from,  quartz. — As  the  data  of  fig.  6  show, 
there  was  a  rapid  escape  of  gases  from  the  qnartz,  beginning 
at  about  950°  and  continuing  for  a  varying  period  of  time 
depending  npon  the  rate  of  beating.  We  made  no  attempt  to 
find  the  lowest  temperature  at  which  this  gas  evolution  would 
begin,  nor  did  we  study  the  effect  npon  the  gas  evolntion  of 
holding  the  quartz  for  a  long  time  at  a  fixed  temperature. 

Chamberlint  haa  found  that  the  average  amonnt  of  ga« 
obtained  from  six  specimens  of  quartz  was  6*35  of  the  volume 
of  the  crystal,  and  that  the  gases  consisted  chiefiy  of  carbon 
dioxide  and  hydrogen.  The  amount  of  gas  obtained  by  simplj 
crushing  the  mineral  to  opeu  tiie  microscopic  cavities  was  insig- 
nificant, even  from  quartz  having  comparatively  large  cavities. 
The  amount  obtainable  by  chemical  reactions  of  water  and 
impurities  in  the  quartz  was  also  small.  The  greater  part  of 
the  gas  seemed  therefore  to  be  either  in  solution  in  the  solid 
crystal,  or  held  in  invisible  cracks. 

Our  experience  supports  this  view.  Quartz  heated  to  1300° 
nnder  tin,  after  giving  ofi  a  considerable  quantity  of  gas  above 
1000°,  was  brought  back  to  room  temperature  with  relatively 
few  cracks  and  with  unimpaired  transparency.  The  cracking 
seems  usually  due  to  the  rapid  volume  change  as  the  tempera- 
ture approaches  575°. 

The  volume  of  gas  escaping  from  our  quartz  specimeDs 
was,  however,  much  greater  than  the  volumes  stated  by  Cbam- 
berlin.  It  should  be  noted  that  the  gases  collected  by  Cham- 
berlin  were  all  passed  over  calcium  chloride  before  any 
measurements  were  made,  so  that  he  has  no  data  on  the  amount 
of  water  vapor  evolved  nor  on  the  temperature  at  which  it 


A,  W.  WrightJ  found  that  the  smoky  quarfz  of  Branchville, 
Connecticut,  contained,  on  the  avenu»c,  0'062  per  cent  water 
which  escaped  below  red  heat,  in  addition  to  132  volumes  of 
gas  chiefiy  carbon  dioxide. §  This  quartz  contained  unusually 
large  inclusions  filled  with  water  and  liquid  carbon  dioxide. 
Koenigsberger  and  Mneller|!  found  that  8l>  to  90  per  cent  of 
the  included  material  in  three  Alpine  quartzes  was  water. 

•  Fiwan,  Pogg.  Ann.,  oixiv,  372-39."),  1888. 

t  H.  T.  Chamberiin  :  The  Oases  lu  RocIeb,  Carnegie  luititation  Pnb.  106, 
:908. 

%  This  Journal  (8),  ixi.  209-216.  1881. 

SWiight'H  figure  has  been  qnotnl  erroneoDsl;  as  "0'07  Tolune"  la 
Chumberlin'H  table  (p.  24  oC  Fablicatioo  106). 

I Coniralblatt  Uin.,  72-77,  190S. 
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The  Brazilian  qn&rtz  used  in  our  experiments  showed  under 
the  microscope  no  trace  of  gas  bubbleB  or  inclneionB.     S*3T 

{;rems  (in  large  fragments)  heated  for  a  few  minutes  at  620° 
ost  l-S"*  or  0022  per  cent.  Heated  further  for  2^  hours  at 
1105*',  the  quartz  lost  0'3  milligram  additional,  or  0*025  per 
cent  in  all.  If  this  were  all  water  vapor  at  1000°  it  would 
have  a  Tolnme  about  37  times  that  of  the  quartz.  In  contact 
witli  graphite  this  volnme  might  be  doubled  bj  the  formation 
of  hydrogen  and  curbon  monoxide.  Sucli  a  volume  of  gas 
would  be  siifBcient  to  account  for  tlie  phenomena  observed. 
This  question  was  not  pursued  further  as  it  would  lead  us  too 
far  astray  from  our  preBont  purpose,  and  as  it  presents  a  large 
problem  for  further  work. 

J^ormation  of  criatobalite. — Fenner*  has  shown  in  this 
laboratory  that  quartz  is  the  stable  form  of  silica  under  atmos- 
pheric pressure  only  op  to  870°.  From  870°  to  1470°  tridy- 
mite  16  stable,  and  above  1470°,  cristobalite.  Quartz  in  the 
dry  state  will  not  pass  directly  into  tridymite  between  870° 
and  1470°,  but  above  1000°  it  will  be  converted  directly, 
though  slowly,  iato  cristobalite.  At  1300°  this  conrerBion  is 
fairly  rapid. 

As  will  be  seen  from  the  curves  of  fig.  6,  the  volume  begins 
to  increase  noticeably  above  1300°.  In  the  series  of  21  January, 
1911,  with  a  maximum  temperature  of  1602°,  cristobalite 
formed  a  surface  layer  over  the  block  about  half  a  millimeter 
thick,  and  had  alBo  grown  into  the  larger  cracks,  causing  con- 
siderable cracking  and  distortion  of  the  block  and  increasing 
its  apparent  volnme  about  15  per  cent.  This  block  was  above 
1400°  for  about  40  minutes.  In  the  series  of  13  February, 
1911,  considerably  more  criBtobalite  had  formed,  and  the  block 
was  easily  broken  to  pieces  ;  this  had  been  above  1400°  for  65 
minutes.  In  the  series  of  21  February  the  block  was  held  at 
1500°  for  about  3J  hours.  The  conversion  to  cristobalite  was 
Btill  qaite  incomplete,  although  the  chalky  white  growth  of 
crystals  had  penetrated  all  through  the  block.  In  every  case 
the  cristobalite  formed  tirst  on  the  exposed  surfaces,  and  grew 
inward,  so  that  even  in  the  most  completely  converted  block 
there  were  clear  unaltered  fragments  weighing  a  gram  or  more 
in  the  center  of  the  block,  and  microscopic  unaltered  angular 
quartz  scattered  all  through  the  converted  portionB.t  The 
apparent  volume  increase  in  this  last  case  amounted  to  52  per 
cent.  On  account  of  the  friable  and  porous  character  of  the 
cristobalite  formed,  however,  this  is  considerably  larger  than 

•C.  N.  FenDer,  Jonr.  Washington  Ac«^.  Sci.,  ii,  471-480,  IfllS ;  this 
JoamAl.  zxxvi,  331-364,  1918. 

t  This  depandsiice  of  the  growth  ot  criatobalite  upon  the  iuiface  exposed 
hu  been  noted  by  Endell  trad  Rieke,  Zb.  anorg.  Chem.,  liiiz,  230-208,  1613. 
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the  trae  increase.     At  20°  the  true  specific  volume  of  cristo- 
balite  is  18*4  per  cent  greater  than  that  of  quartz. 


Three  speciineDs  of  granite  were  used :  (1)  a  hornblende 
granite  from  Copper  Mt.,  Alaska  (No.  128) ;  (2)  a  pink  coarse- 
grained uiiartzose  granite  from  Kasaan  Peninsula,  Alaska 
(0.  W.  Wright  No.  39);  (3)  a  gray  biotite-intiscovite  granite 
from  Stone  Mountain,  Georgia.     The  latter  was  fumished  as 
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in  tlie  form  of  two  large  blocks  by  the  Stone  Mt,  Granite  Co. 
of  Atlanta. 

Tiieiirat  specimen  was  used  only  for  a  preliminary  measure- 
ment. The  second  was  tested  nnder  tin  to  tilS"  in  the  metal- 
frame  apparatus  (page  ir>>.  The  third  was  tested  to  1*35°  in 
the  graphite  apparatus.     The  results  are  plotted  in  fig.  7. 

In  both  of  the  granites  that  were  heated  above  57.5°,  the 
rapid  volume  increase  on  approaching  that  temperature  is 
notable.  This  increase  is  to  be  expected  from  t!ie  presence  of 
free  quartz  in    the  granite,  but  its  amount  is  unexpectedly 
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lai^.  The  volume  increase  of  the  two  granites  between  0° 
and  575°  is  5'07  and  5'83  per  cent,  respectively,  giving  a  mean 
of  5-45  per  cent.  The  corresponding  increase  for  pure  quartz 
ie  5'17  per  cent. 

The  most  probable  cause  of  tliis  abnormally  large  expansion 
IB  the  action  of  the  pure  quartz  crystals  in  pushing  the  other 
mineral  fragments  apart,  increasing  the  apparent  volnme  of 
the  rock.  Eridence  for  this  explanation  is  seen  in  the  curve 
giving  the  data  of  a  second  heating  of  the  Alaska  granite.  In 
this  series  the  volnmes  are  all  larger,  although  the  cnrve  is 
parallel  to  the  first.  The  final  kilogram-volume  of  this  rock 
after  the  two  heatings  to  600°  was  393*7,  a  permanent  increase 
of  2-20  per  cent. 

In  the  Stone  Ht.  granite,  which  was  heated  to  935°,  a  very 
considerable  permanent  expansion  occurred.  This  is  probably 
due  lai^ely  to  the  unequal  expansion  of  the  different  minerals, 
which  causes  them  to  push  each  other  apart,  fracturing  the 
rock  and  rendering  it  porous  and  friable.  The  relative  dimen- 
sions of  the  block,  after  heating,  remained  the  same,  but  it  bad 
increased  in  volume  by  9'3  per  cent. 

The  beating  above  575°  eaased  also  the  evolution  of  con- 
siderable gas  between  the  temperatures  750°  and  900°.  During 
a  part  of  Uie  time  the  gas  was  evolved  quite  regularly,  causing 
the  floating  system  to  rise  and  fall  rhythmically,  this  rise  ana 
fall  being  caused  by  gas  accumulating,  lifting  the  float  crucible, 
and  escaping  through  the  graphite  top.  Ctiamberlin  found  in 
the  Stone  Mt.  granite  0-76  of  its  volume  of  gas,  consisting 
chiefly  of  hydrogen.  Water,  which  he  did  not  determine, 
would  add  considerably  to  this,  just  as  in  the  case  of  quartz 
already  discussed  (see  p.  21).  The  escape  of  these  gases 
probably  contributes  to  the  shatteriug  and  permanent  dila- 
tation. 

This  permanent  dilatation  in  granite  and  other  rocks  has 
frequently  been  noted  by  other  observers,  and  is  indeed  to  ha 
expected  in  any  heterogeneous  material.  Any  change  of 
temperature  will  cause  the  constituent  parts  to  expand 
nn^aally  in  accordance  witli  their  diifcring  dilatation  coeffi- 
cients, and  if  the  temperature  range  is  large  enough  so  that 
the  stresses  thus  set  up  exceed  the  breaking  strength  of  the 
parts,  there  will  be  internal  fracturing  and  opening  of  irregnlar 
cavities. 

N.  E.  Wheeler*  has  determined  the  linear  expansion  of 
several  rocks  used  by  Adams  and  Coker  in  their  high  pressure 
stndies.  In  all  cases  a  considerable  permanent  expansion  was 
produced  by  the  first  heating.  We  have  calculated  from  his 
data  the  volnmes  of  the  Westerly  (Rhode  Island)  granite 
•Trans.  Boyal  Soc.,  C»n»da,  iv,  in,  19-44, 1910. 
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which  lie  nsed,  od  the  basis  of  a  specific  graritj  of  2*627  at 
room  temperature.*     The  results  are  plotted  in  fig.  8. 

These  expansion  measurements  by  Wheeler  were  made  on  a 
20-centimeter  bar  of  rook  the  ends  of  which  were  viewed 
through  side  openings  in  the  furnace  tube.  This  method 
would  tend  to  cover  up  any  irregularities  in  the  expansion, 
since  the  portion  near  the  ends  of  a  heated  bar  may  lag  in 
temperature  considerably  behind  the  remainder  of  the  speci- 
men, even  under  conditions  of  stationary   temperature.     We 

Fio.  8. 
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have  found  this  to  be  true  in  a  similar  apparatus  in  which 
measurements  were  made  on  platinum  alloys.f  On  account 
of  this  temperature  gradient,  the  effect  of  a  transformation 
which  is  complete  at  a  definite  temperatnre  may  l»e  spread 
over  a  considerable  range  of  temperature.  The  break  in  curva- 
ture near  575°  is  therefore  much  leea  marked  than  in  our  own 
curves.  It  is  noticeable,  however,  especially  ou  Wheeler's  cool- 
ing and  reheating  curves  for  the  same  block. 

Under  the  conditions  above  noted,  there  would  have  been  no 
purpose  in  carrying  on  the  experiments  to  a  temperature  suf- 
ficient to  liquefy  the  gianite,  since  the  true  dilatation  of  the 
crystalline  rock  can  not  be  determined.  Under  the  heavy 
pressure  of  overlying  rocks  the  dilatation  due  to  fracturing  and 
differential  expansion  would  be  less  than  that  obtained  in  ex- 

*Dstam  from  F.  D.  Adajne,  private  letter.  1918. 

fDnjand  SoHmaii,  thU  Journal  |4),  uri,  425-141,  1908  ;  iiii,  114,  1910; 
Carnegie  Inst.  PubL  167,  pp.  85,  68. 
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periments  at  atmoBpheric  preasure,  bat  it  would  become  zero 
only  at  depths  where  the  minerals  would  flow  or  rediasolve  and 
fill  all  pore  spaces. 

8.  Diabase. 

The  diabase  nsed  was  from  the  quarry  of  the  Fairview 
Stone  Crashing  Company,  near  Granton,  N.  J.  The  diabase 
exposed  at  this  locality  appears  to  l>e  an  offshoot  of  the  great 
Palisades  sheet  which  outcrops  along  the  Hudson  Kiver  and 
sonthwestward  through  New  Jersey.  The  particular speeimeD 
in  question,  in  the  form  of  a  100  lb.  block,  was  from  the  lower 
contact  of  the  diabase  against  the  underlying  Newark  (Triassic) 
shale  and  sandstone. 

Prof.  J.  Volney  Lewis,  who  collected  this  material  for  us, 
has  described  the  rock  in  hia  report  on  the  "  Petrography  of 
the  Newark  Igneous  Rocks  of  New  Jersey,"*  At  the  locality 
in  question  there  was,  until  quarrying  operations  followed  it 
back  into  the  tinderlying  strata,  an  escellent  example  of  a  type 
of  inclusion  frequently  occurring  in  the  Palisade  diabase, 
namely,  slabs  of  the  nnderlying  shale  or  arkosic  sandstone  which 
have  been  "Boated"  up  into  the  igneous  rock.  These  occur 
in  varioas  parts  of  the  sheet  and  stand  at  various  angles 
between  horizontal  and  vertical. f 

It  was  therefore  of  interest  to  compare  the  volume  of  the 
molten  diabase  with  that  of  the  solid  arkose  and  shale  at  the 
same  temperature. 

Our  experience  with  granite  had  already  convinced  us  that 
the  expansion  of  a  complex  rock  can  not  be  accurately  deter- 
mined by  direct  measurement  above  a  few  hundred  degrees, 
because  of  the  shattering  due  to  the  unequal  expansion  of  the 
different  minerals.  Furthermore,  a  trial  series  on  a  pyroxenite 
showed  that  when  the  rock  was  heated  up  directly  through  its 
fusion  range,  its  volume  change  in  liquefying  was  concealed  by 
the  escape  of  s  large  amount  of  gas,  which  swelled  the  half- 
melted  pasty  rock  into  a  sponge  so  volnminous  as  to  cause  the 
tin  to  overflow  and  thus  spoil  the  series  of  measurements. 

We  therefore  made  a  glass  of  the  rock  by  fusion  in  the  open 
air.  thus  permitting  the  escape  of  all  bubbles,  followed  by 
rapid  cooling.  The  rock  was  fnsed  in  a  cylindrical  crucible 
made  of  platinum  foil  0-05"""  thick ;  the  foil  was  then  stripped 
from  the  glass  when  cold,  leaving  a  block  of  the  proper  dimen- 
sions. 

Each  melt  was  held  for  a  few  minutes  between  1300°  and 
1350°  until  all  babbles  had  escaped  from  the  liquid.     When 

•Qwl.  Snrv.  New  Jene;,  Ann.  Kept.  1907,  97-188.      S«e  in  puiionlar, 
idtte  ZVI ;  aoAljeea  V  and  XII.  p.  121,  and  p.  127. 
tlbid.,  p.  185  and  plate  XXVll.  fig.  2. 
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cold  it  formed  a  clear  dark  brown  glass,  with  a  refractive 
index  varying  from  1-59  to  l'6i.  No  bubbles  were  visible, 
even  under  tne  microscope,  and  no  cr^stallino  material  except 
at  a  few  points  on  tbe  surface  of  the  block.  These  were  cot 
away  by  grinding. 

It  was  to  be  expected  that  this  fusion  would  not  only  drive 
off  the  water  but  would  also  cause  some  change  in  the  state  of 
oxidation  of  the  iron,  so  that  the  glaee  would  not  retain  exactly 
the  composition  of  the  original  rock.  The  amount  of  moisture 
was  found  to  be  very  small  (see  Table  IV),  The  amount  of 
change  in  the  iron  was  determined  analytically,  and  is  ehowo 
in  Table  IV,  For  tlie  present  approximate  determinations  of 
the  volume  change,  these  small  changes  may  be  neglected,  for 
they  affect  but  a  smalt  percentage  of  the  rock. 

Tabue  IV. 
ChuigM  Id  State  of  Oiidotion  of  the  lion  in  DUbaae. 


454 


ItooryatalliEed   block 
otter  Tolnme  deter- 
minatioDB      nndeTi    3 '90 
tin.   (From  glass  of 
June,  1912) 


PeO 
* 

Ferrous 
Iron* 

Feme 
Iron  % 

Total 
Iron* 

H,0* 

8-74 

6-79 

106 

7-8C 

061 

a-™ 

683 

107 

7-89 

608 

4-78 

318 

7-91 

759 

5  90 

208 

7-93 

The  volumes  of  the  rock  and  its  glass  at  room  temperatoie 
are  given  in  Table  V,  in  comparison  with  similar  constants 
determined  by  Barns  for  his  sample  of  diabase  (see  p.  5), 

The  experimental  data  are  plotted  in  fig.  9.  For  the  sake  of 
clearness  the  curves  of  rising  and  of  falling  temperature  are 
plotted  separately.  No  satisfactory  measurements  were  obtained 
on  the  second  block  below  DUO",  as  internal  cracking  in  tbe 
glass  block  caused  its  volume  to  appear  considerably  too  large 
until  these  cracks  were  opened  by  the  shrinkage  during  crys- 
tallization. 

It  will  be  seen  from  the  curves  that  the  glass  expands 
slightly  up  toabout  900°,  when  a  sadden  shrinkage  takes  place. 
This   is  due  to  the   crystallization  of   the  glass,  which  is  of 
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Tabu  V. 
EilogTam-volnmeB  of  diabase  aod  diabase-glaw. 


Date 

Temp. 

wt. 

Dens. 

Kilo-Tol. 

Diabase 

lOJDDe    1913 
11  Mar.    1918 
13    " 

23-7 
19-45 
21-3 

B0017 
1M-.W3 
40  016 

3-982 

3-oe8 

3-974 

885-4 
336-9 
836-8 

Uean 

^^ 

8863 

JOJnne,  1918 

22  Jane,  1912 

34    ■' 

11  Sept.,  1913 

23-5 
23B 
24  5 
37-8 

38-8 

31807 

ee34i 

138  OS 
80-S4 
85-808 

3-778 
2-762 
8-767 
2-770 
3-747 

8600 
868-4 
861-4 
8610 
864-0 

Kmh 

Vm 

862-0 

DUbsM  (Banii) 

1891 

35 

21 
31 

31 

33-895 
45-365 

54-731 
69-494 

8016 

8-018 
8014 
8024 

SSI -6 
8813 
831-8 
830-7 

Uian 

~im 

aara 

DUbwe-glass  (Bam*) 

1891 

31 
19 
19 

60088 

88-768 
29-978 

8-702 
2-746 
3-705 

870-1 
364'8 
369  7 

UeSD 

8-717 

86fKi 

conree  nothing  more  than  an  nndercooled  liquid  which  has 
failed  to  crystallize  during  rapid  cooling,  but  finds  a  second 
opportaaitj  to  do  so  with  the  increaeed  mobility  accompanying 
slow  reheating.  The  heat  given  off  during  crystallization, 
spreading  through  the  graphite  float-crncihie  into  the  surround- 
ing molten  metal,  was  sufficient  to  cause  a  sudden  rise  of  lfi° 
in  the  temperature  indicated  hy  the  thermoelement. 

The  volume  to  which  the  block  shrinks  is  nut  its  true  crys- 
talhne  volume.  Not  only  is  there  insufiicient  time  for  close 
adjustment  of  the  crystals  to  one  another,  but  the  same  forces 
of  differential  expansion  that  operate  to  shatter  a  complex 
Bolid  rock  operate  here  to  leave  the  crystalline  aggregate  in  a 
rather  porous  condition,  with  innnmerahle  cracks  of  appreci- 
able aggregate  volume  between  the  fine  crystals.  The  con- 
traction of  the  glass  block  on  crystallization  makes  it  certain, 
however,  that  the  crystalline  rock  has  a  smaller  volume  than 
the  glaee  at  this  temperatnre.  If  there  had  been  no  apparent 
volatile  change,  or  if  the  volume  had  appeared  to  increase,  the 
question  of  the  true  relation  between  glass  and  crystal  would 
have  been  left  in  doubt, 
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Above  the  rather  accidental  temperature  at  which  the  ^lass 
crystallizes,  the  crystal  aggregate  again  begins  to  melt.  The 
melting  does  not  occur  at  a  single  temperature,  but  is  spread 
orer  a  range  of  temperature,  in  accord  with  the  fact  that  this 
is  a  complex  system  of  eight  or  more  components.  The 
remeltiog  begins  at  about  1150°  and  is  practically  complete 
somewhat  below  1300°.  The  rock  flows  readily  at  a  tempera- 
ture of  1225°,  at  which  temperature  all  is  fused  excepting 
about  a  third  of  the  feldspar.  A  little  feldspar  still  remains 
uudissolved  at  1250°,  but  only  traces  remain  at  1300.°* 

A  con6ideral)le  source  of  uncertainty  begins  to  be  apparent 
at  1100°,  which  increases  as  the  temperature  rises.  The  redoc- 
ing  action  of  graphite  upon  the  iron  oxides  present  causes  the 
fonnation  of  carbon  monoxide  between  the  graphite  crucible 
and  the  molten  rock.  The  carbon  monoxide  escapes  through 
the  porous  graphite,  but  being  constantly  renewed,  it  tends  to 
make  the  volume  of  the  liquid  diabase  appear  slightly  too 
great.  We  have  found  no  otner  material  than  graphite  which 
can  be  used  in  tliis  form  of  apparatus,  so  that  this  gas-produc- 
ing reaction  is  a  serious  limitation  upon  the  methoa  when 
applied  to  iron-bearing  silicates.  Calcium  and  magnesinm 
silicates  seem  to  be  acted  upon  by  graphite  very  little  or  not 
stall  at  these  temperatures. 

On  the  cooling  curves  a  sudden  contraction  was  again 
observed  just  below  1050°,  caused  by  the  crystallization  of  the 
liquid  diabase.  The  resulting  Yolnrae  was  approximately  that 
attained  when  the  block  of  giass  crystallized  with  rising  tem- 
perature. Below  this  temperature  the  contraction  was  normal 
u  far  as  it  was  observed.  At  room  temperature  after  the 
measurements  the  blocks  were  found  to  be  fine-grained,  strong, 
aod  very  tough.  They  appeared  free  from  bubbles  or  vacuoles, 
except  at  the  surface.  Examination  under  the  microscope 
showed  less  than  5  per  cent  of  glass  present.  The  blocks  were 
seen  to  consist  of  clear  feldspar  crystals  of  variable  index,  the 
majority  corresponding  to  a  basic  labi'adorite;  also  masses  of 
dart  brown  feathery  crystals  too  line  to  be  identified.  At  20° 
the  gross  kilogram-volnme  of  the  blocks  was  349'(!  and  848"4, 
mean  3490;  this  is  3'8  percent  greater  than  the  volume  of 
the  original  rock,  while  tlie  volume  of  the  clear  glass  was  77 
per  cent  greater  than  that  of  the  rock. 

Barug'  Gurveg. — The  foregoing  considerations  plainly  show 
what  must  iiave  occurred  in  the  experiments  of  Barus  (see 
page  5).  Although  by  rapid  cooling  in  the  open  air  lie 
obtained  in  bis  preliminary  tests  a  clear  diabase  glass,  in  his 
fusion  tube  there  was  time  for  the  liquid  to  crystallize  at 
e  SoBQiBn  and  Merwin,  J.Waeb.  Acad.  Sci., 
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some  point  during  the  cooling;  hence  the  sh&rp  break  in  hiG 
cnrves.  With  rieing  temperature  the  crystal  aggregate  then 
fused  at  a  higher  temperature  than  that  to  which  it  had  uader- 
cooled  before  ciystallizing. 

That  this  conclusion  offers  the  true  explanation  of  Barns' 
obeervatione  is,  fortnnately,  Busceptible  of  direct  proof.  The 
original  platinnm  tube  and  its  charge  of  diabase,  just  as  it  was 
left  when  the  experiments  of  BaroB  were  interrupted,  came 
into  the  possession  of  this  laboratory  some  years  ago  and  was 
examined.  The  surface  of  the  melt  did  indeed  appear  glassy, 
but  when  broken  out  of  the  tube  and  examined  under  the 
microscope  the  diabase  charge  was  found  to  be  about  three- 
fourths  crystalline.  Occasional  small  vacuoles  were  scattered 
through  the  mass,  doe  either  to  bubbles  which  had  never 
escaped  from  the  glass,  or  to  contraction  after  the  surface  hod 
become  too  stiff  to  yield. 

Since  the  data  of  Barus  were  calculated  and  stated  in  terms 
of  the  final  volume  of  the  rock  at  room  temperature,  it  became 
possible  to  recalculate  his  volumes,  approximately,  on  the  basis 
of  the  volume  of  the  rock  obtained  from  the  tube.  A  number 
of  the  largest  fragments,  weighing  35  grams  in  all,  were  se- 
lected and  their  total  volume  determined  under  mercury.  This 
gives  us  the  nearest  possible  approximation  to  Barus'  basic  vol- 
ume, since  the  mercury  does  not  fill  the  small  cracks  or  vacu- 
oles. The  kilogram- volume  was  found  to  be  356,  as  compared 
with  349*0  for  our  own  recrystallized  diabase. 

It  was  necessary  also  to  revise  the  temperatures  in  Barus' 
original  publication.  Assuming  that  these  temperatnres  were 
calculated  in  terms  of  the  scale  published*  at  aoout  the  same 
time  as  bis  bulletin  on  rock  expansion,  we  have  revised  the 
figures  to  correspond  with  the  high  temperature  scale  in  present 
use.f  The  recalculated  data  of  Barus'  last  three  series  (tue  first 
two  being  stated  by  him  to  be  much  less  reliable)  are  plotted 
in  fig.  10. 

It  is  plain  from  these  curves  that  precisely  the  same  phenom- 
ena occurred  in  his  diabase  as  in  ours.  The  liquid  cooled  to  a 
temperature  below  that  at  which  crystals  would  have  separated 
under  equilibrium  conditions,  and  then  crystallized  suddenly  with 
contraction  in  volume.  With  rising  temperature,  fusion  began 
at  a  temperature  above  that  to  whicli  the  glass  had  undercooled 
before  crystallizing.  The  progressive  lowering  of  the  curves  is 
doe  either  to  gas  bubbles  which  had  not  yet  escaped  from  the 
liquid,  or  more  probably  to  the  saggiitg  of  the  platinum'  tube, 
cansing  an  apparent  contraction  in  total  volume. :[ 

*  "  Die  pfaysiksliBche  Behandlnng  and  die  MeMong  bohar  Temperatnran." 
LeipEig,  1893. 
t  Day  and  Soaman,  Carnegie  Pnblieation  1S7,  1911. 
t  BaruB,  Ball,  cili,  p.  8fl. 
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Relative  vol  times  of  tolid  and  liquid  diabase. — Tlie  volniGe 
of  the  molten  diabase  at  1250",  from  both  of  our  curves  of 
rising  temperature  and  from  our  second  cnrve  of  falling  tem- 
perature, is  390.  The  first  curve  of  falling  temperature  points 
to  a  somewhat  lower  valne,  wtiieli  is  probablj'  due  to  incom- 
plete fusion  of  the  feldspar.  After  the  recryetallization  with 
falling  temperature  the  two  curves  coincide. 

Our  value  31)0  for  the  volume  at  1250°  is  undoubtedly  high, 
since  at  this  temperature  carbon  monoxide  is  forming  slowli? 
and  escaping  at  the  sides  of  the  fused  block  (see  p.  29).  The 
amount  of  the  error  can  be  roughly  estimated,  from  the  small 
depressions  left  around  the  edges  of  the  recrystallized  block,  at 
about  one  per  cent. 

The  value  obtained  from  Barus'  curves  is  383  at  1250°.  The 
net  effect  of  the  errors  of  his  method  is  probably  to  give  too 
low  a  value.  The  figure  of  383  which  we  have  obtained  from 
his  data  is  in  fact  1*8  per  cent  lower  than  our  maximum  of  390. 
The  most  probable  value  for  the  volume  of  a  kilogram  of 
liquid  diabase  at  1260°  is  therefore  about  386. 

In  the  absence  of  data  on  the  volume  at  high  temperatures 
of  each  of  the  constituent  minerals  of  crjetalline  diabase,  its 
true  volume  near  its  fusion  temperature  can  not  be  directly 
measured,  on  account  of  the  shattering  caused  by  unequal  ex- 
pansion of  different  minerals  and  by  the  escape  of  gases  (see 
p.  23).  It  will  be  necessary,  therefore,  to  resort  to  a  certain 
amount  of  extrapolation  in  order  to  obtain  a  value  for  the  vol- 
ume of  the  crystalline  rock-. 

In  fig.  9  is  plotted  the  volume  of  Sudbury  diabase  up  to 
1000°,  calculated  from  the  expansion  data  of  Wheeler*  and 
based  on  a  specific  gravity  of  2'99S  (volume  333'6).t  The  rock 
is  described  as  a  typical  fresh  olivine  diabase,  massive,  and  pos- 
sessing a  typical  ophitic  or  diabase  structure.]:  Its  specific 
volume  is  only  a  little  less  than  that  of  the  Palisade  diabase. 

The  curve  shows  the  expansion  on  the  initial  heating.  The  - 
permanent  volume  increase  after  this  first  lieating  amounts  to 
2*1  percent.  Extrapolation  of  the  part  of  the  curve  below  400° 
gives  a  value  for  the  volume  of  the  rock  at  1250°  of  344.  Extra- 
polation of  the  portion  from  700°  to  1000°  gives  351.  Extra- 
polation of  the  curve  of  falling  temperature  (1000°  to  20°,  not 
shown  in  fig.  9)  also  gives  351.  The  latter  value  must  be 
regarded  as  the  maximum,  representing  the  espansioa  of  a 
rock  alieady  simttered  and  permanently  expanded.  The  lower 
value  of  344  ia  probably  nearer  the  true  volume ;  it  corresponds 
to  a  mean  coefnctentof  dilatation  from  0°  of  25*2  X  10'*.    In 

■  Trsn*.  R07.  Soo.  Canada,  1y,  10-44.  1»10. 

t  F.  D.  Adami,  private  commnnic&tion,  1918. 

t  A.daniH  and  Coker,  Carnegie  Itutitntion,  Pnb.  No.  48,  p.  07. 
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good  agreement  with  tliis  is  the  coefficient  of  35'5  X  10"'  for 
tbe  contraction  of  the  expanded  rook  from  1000°  to  0°, 

Comparing  the  volunie  of  the  crystalline  rock  with  that  of 
the  glass,  and  taking  the  volume  of  the  glass  as  the  basis  of 
comparison,  we  find  that  tlie  difference  of  7'1  per  cent  at  0" 
has  increased  to  a  valae  between  9'1  per  cent  as  a  minimum 
and  10*9  per  cent  as  a  maximnm,  the  true  value  being  much 
nearer  to  10-9  than  91. 

9.    Shale  and  Santlslone. 

One  series  of  measurements  was  made  on  a  specimen  of  the 
shale  which  underlies  the  PaliBade  diabase  at  Granton.  The 
block  weighed  68'35  grams  after  drying  four  hours  at  106". 
Measurements  were  made  with  tin  as  the  immersion  liquid. 
The  volume  enrve  showed  the  characteristic  break  at  575"  due 
to  the  inversion  of  the  quartz  which  was  present  in  the  rock 
(see  curves  for  granite,  figs.  7  and  8).  At  675'  considerable 
quantities  of  gas  began  to  come  oS,  interfering  with  the  vol- 
ume measurements,  and  the  gas  evolution  continued  up  to 
1090*.  The  rock  was  held  between  1090"  and  1113°  for  80 
minutes  ;  at  the  end  of  this  time  its  volume  had  increased  to 
563,  an  expansion  of  46  per  cent.  This  was  found  to  be  due 
to  the  formation  of  a  spongy  mass  through  the  entrapping 
of  innumerable  bubbles  within  the  partly  fused  rock.  Subse- 
quent microscopic  examination  of  the  original  shale  showed  the 
[iresence  of  datolite  in  the  interstitial  spaces :  this  accounts  in 
srge  part  for  the  behavior  of  the  shale  on  heating.  Datolite 
was  also  found  in  the  arkose  sandstone.  Its  presence  renders 
these  rocks  unsuitable  for  volume  measurements  to  a  high  tem- 
perature. 

Measurements  were  also  attempted  on  natural  microcline, 
and  a  satisfactory  curve  was  obtained  as  far  as  600°.  At 
higher  temperatures  the  gas  evolution  again  proved  our  un- 
doing, causing  shattering  of  the  mineral  in  the  solid  state  and 
yielding  a  bubbly  glass  at  the  melting  point,  the  liquid  being 
too  viscous  to  allow  the  bubbles  to  escape. 

10.    Geological  Applications. 

Quartz  and  granite. — The  volume  change  in  quartz  between 
0°  and  5IK)°  is  2*8  per  cent,  and  between  5uO°  and  575°  it  is 
2'4  per  cent,  of  tlie  volume  at  0°.  In  other  words,  the  increase 
dnnng  the  last  75°  before  the  transition  point  from  low  to 
high  teniperatnre  quartz  is  nearly  as  great  as  the  increase  dur- 
ing the  preceding  500°.  A  volume  change  as  rapid  as  this 
most  be  of  considerable  significance  in  the  crystallization  of 
tbe  siliceous  rocks.  As  Fenner  has  pointed  out  in  his  recent 
Ak.  Jodb.  Sci.— Fourth  Sbbibb,  Vol.  XXXVII.  No.  217.— Januabt.  1814. 
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work  on  the  silica  minerals,*  tli©  fact  that  qnartz  in  pegmatites 
is  frequently  found  to  bave  crystallized  in  the  neighborhood  of 
575°  may  be  connected  with  the  opening  of  fissures  in  the  cool- 
ing granitic  rock  by  the  sudden  volume  chaofiifl  taking  place 
in  quartz  which  lias  already  crystallized. 

But  the  significance  of  this  point  is  not  alone  in  the  sndden- 
nesB  or  the  amount  of  the  volume  change  in  the  mineral,  but 
also  in  the  small  heat  effect  which  accompanies  it.  The  cm- 
tallization  of  a  magma  may  be  accompanied  by  a  considerable 
volume  change,  yet  the  ainonnt  of  latent  heat  given  out  dur- 
ing crystallization  miglit  delay  its  progress  to  i-nch  an  extent 
that  the  volume  change  of  the  mass  as  a  whole  would  proceed 
relatively  slowly.  Bnt  the  amount  of  heat  accompanying  the 
quartz  inversion  is  too  smalt  to  seriously  affect  the  rate  of 
cooling  of  the  rock,  so  that  the  volume  contraction,  at  this 
temperature  (575°),  of  a  rock  containing  much  quartz  would  be 
sudden  and  considerable. 

In  his  papers  on  "The  mechanics  of  igneous  intrusion,"! 
Daly  suggests  that  an  important  canse  for  the  cracking  off  of 
blocks  of  rock  in  contact  with  a  liquid  intrusive  mass  is  to  be 
found  in  the  unequal  expansion  due  to  sudden  heating.  The 
experiments  on  quartz  and  granite  in  the  preceding  pag«E 
emphasize  rather  tlie  much  greater  importance  which  must  be 
ascribed  to  the  sudden  volume  change  accompanying  the  transi- 
tion of  quartz  at  575°,  or  to  other  similar  transitions.  Their 
effect  in  shattering  the  rock  is  much  greater  than  the  effect  of 
ordinary  thermal  expansion  even  in  a  region  of  steep  tempem- 
tnre  gradient.  The  result,  however,  would  not  be  the  break- 
ing off  of  large  blocks  which,  according  to  Daly's  "  stopiog 
hypothesis,"  mast  then  sink  in  order  to  he  assimilated  at 
greater  depths,  but  rather  the  formation  of  a  shattered  jwroiis 
material  whicli  would  be  in  the  best  possible  condition  for 
immediate  assimilation  in  gitu. 

Moreover,  the  capillary  penetrating  power  of  liquid  diabase 
into  a  porous  mass  of  this  character  is  very  considerable.  Dia- 
base melted  in  a  crucible  of  alundum  (granular  fused  alumina) 
came  through  the  sides  of  the  crucible,  and  rose  by  capillarity 
in  the  walls  like  water  in  filter  paper.  We  have  even  found 
numeroas  tiny  drops  of  diopside  on  the  outside  walls  of  the 
inverted  graphite  noat-crucible  of  the  apparatus  of  fig.  1,  tlie 
liquid  silicate  apparently  having  been  forced  through  the  fine 
pores  of  the  grapliite  by  the  small  pressure  of  the  surrounding 
molten  tin. 

Daly  has  assembled  in  his  paper  on  "  the  secondary  origin 

•C.  N.  Fenner,  this  Jonmitl,  «i»i,  379,  1013. 

t  R.  A.  Daly,  this  Jonrnal,  iv,  26B-298.  11W3 ;  ivi,  107-136,  1808  ;  iitl, 
17-50,  1908. 
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of  certain  eraoitee  ""  a  large  number  of  instances  in  which  it  is 
believed  that  a  basic  intrusive  lias  assiniilHtec!  acid  rocks  along 
its  contacts.  The  sbatterinp  of  a  siliceous  rock  by  the  quartz 
inversion,  and  the  penetrating  power  of  liquid  diabase  and 
diopeide,  which  we  nave  noted  above,  lend  additional  plausi- 
bility to  Daly's  view  of  the  ^lenomena. 

Diabase  and  sandstone.  — Returning  now  to  the  question  of 
the  "  fioated "  sandstone  and  shale  slabs  described  by  Lewie 
(see  p.  25)  our  experimental  data  again  find  application.    A 


fragment  of  pure  qiiartzite  without  pore  spaces  would  have  at 
1150°  a  kilogram- vol ame  of  aboat  395,  supposing  it  not  to 
have  inverted  to  tridymite  or  cristobalite.  Diabase  glass  at 
1150°  would  have  a  volume  of  384.  The  quartzite  would  be, 
therefore,  2*9  per  cent  lighter  than  the  fused  diabase,  and 
would  float  up  in  it,  if  free  to  move. 

The  arkosic  sandstone  which  forms  the  majority  of  the 
inclasions  in  the  Palisade  diabase  consists  chiefly  of  quartz  and 
orthoclase.  Extrapolation  of  our  curve  for  orthoclase  (see  p. 
33)  would  give  it  a  volume  at  1150°  of  about  404.  The  aver- 
age volume  of  the  arkose  (about  one-tliird  quartz  and  two- 
thirds  feldspar),  would  therefore  be  400  at  1160°,  or  4'2  per 
cent  lighter  than  the  liquid  diabase.  Loose  slabs  of  the  arkose 
would  therefore  tend  to  float  up  into  the  diabase  sheet. 

Such -floating  due  to  normal  gravitative  adjustment  would 

seem  to  offer  the  simplest  explanation  of  the  frequent  occnr- 

rence  of  slabs  of  the  underlying  rock  found  in  various  positions 

in  the  Palisade  sheet.     A  good  example  is  seen  in  the  sketch 

•B.  A.  Dalr.  thiB  Journal,  ii,  183-216,  1906. 
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by  Kiinimel  (fig.  11),  made  at  the  base  of  tlie  Patigades  above 
Jersey  City.  Fig.  Vi  is  from  a  photograph  at  the  Belte 
Mountain  quarry  mentioned  by  Lewig.*  A  slab  of  variable 
tbickness  here  stands  nearly  vertical  in  the  diabase  sheet,  and 
appears   conspicnously   at   the   center   of    the   pictnre.     The 


Fig.  12,     Slab  of  arkosic  sandBtoiie  in  the  diabane  nbeet  at  the  WorlcbonBe 
QoBrry  in  Belte  Ut.,  east  bunk  of  the  Delaware  Biver,  Bbov«  Moore,  New 
Jersey.     (PhotoKrapb  by  R.  B.  SoBmas,  IM  July,  1918.) 
•Lot.  cit.,  p.  135(6). 
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qnarrj^in);  operationg  of  the  past  eeveral  years  have  been  fol- 
lowing this  slab  back  through  the  diabase. 

Lewis'  explanation  of  these  occtirrences  is  found  in  the  fol- 
lowing quotation  :*  "  The  firet  step  in  such  a  process  is  seen 
io  Plate  XXII,  fig.  1,  where  a  thin  eheet  of  the  diabase  has 
followed  a  bedding-plane  about  a  foot  below  the  base  of  the 
main  sill.  If  any  portion  of  the  intervening  sedimentary  bed 
had  broken  or  parted  along  a  joint-plane  and  the  edge  had 
lilted  up  somewhat  against  the  now  of  the  intrnding  magma, 
itwoold  have  been  raised  by  the  current  to  a  more  steeply 
inclined  or  even  vertical  position."  But  this  can  hardly  he  a 
complete  explanation,  as  no  force  is  suggested  which  could 
start  the  slab  tilting  np  against  the  flow.  The  intruding  dia- 
base can  not  be  compared  to  a  stream  flowing  freely  over  a 
flat,  irregular  bed,  and  lifting  up  blocks  by  its  own  momen- 
tam.  On  the  contrary,  we  muiit  assume  that  it  Howed  rela- 
tively slowly,  under  considerable  pressure  from  overlying 
rock  strata.  Under  these  circumstancea  a  thin  sheet  of  liquid 
diabase,  branching  oflt  from  the  main  mass  and  following  a 
bedding  plane,  would  indeed  exert  a  lifting  pressure  on  the 
nnder  surface  of  the  slab  of  sandstone ;  but  this  pressure  wonM 
exceed  that  on  the  upper  surface  by  only  a  small  amount, 
namely,  an  amonnt  depending  on  the  difference  in  density 
between  the  sandstone  and  the  diabase.  In  other  words,  the 
sandstoDe  would  be  lifted  by  the  same  force  that  lifts  a  piece 
of  wood  which  is  immersed  m  water. 

'  It  is  possible  that  the  moving  current  of  diabase  might  carry 
the  slab  along  after  flotation  had  lifted  it  from  the  floor.  But 
this  assumption  is  not  necessary  in  order  to  explain  the  fre- 
quent vertical  position  of  the  slabs,  since  this  is  the  position 
which  any  flat  object  tends  to  assume  when  floating  up  through 
s  liqaid. 

Temperature  of  intrusion  oftlie  diabase. — A  comparison  of 
the  fusing  temperatures  of  the  arkose  and  the  diabase  yields 
tlie  interesting  fact  that  the  arkose  fuses  at  a  lower  tempera- 
ture than  the  diabase.  Nevertheless,  in  the  inclusions  actually 
found  there  is  no  sign  of  fusion.  This  discrepancy  led  us  to 
make  a  more  thorough  investigation,  with  the  assistance  of  Dr. 
Merwin,  of  the  fusion  temperatures  of  the  two  rocks.  This 
was  done  by  means  of  quenching  tests  and  microscopic  exami- 
nation, of  which  the  results  have  already  been  published  else- 
where.+     Briefly  summarized,  the  conclusions  were  as  follows  : 

(1)  The  "basaltic"  facies  of  the  Palisade  diabase  begins 
tn  fuse  at  about  1150°,  and  enough  of  it  is  fused  at  1225°  to 
permit  the  rock  to  flow  readily.     (2)  The  arkose  now  found  in 
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the  diabase  in  the  form  of  inclusions  is  more  than  half  fiued 
at  1150°,  but  shows  no  fusion  at  1025°.  (3)  The  inclosionsas 
actnall.T  found  siiow  no  indication  of  fusion  or  flow.  Aa  indi- 
cated by  their  present  properties  under  atmospheric  pressure, 
there  ie  therefore  a  gap  of  at  least  100°  tietween  the  maxiinnm 
temperature  to  which  the  arkose  inclusions  could  have  been 
SDbiected.  and  the  minimum  temperature  at  which  the  dial»a«e 
will  flow.  The  most  probable  a^nt  which  possesses  the  power 
to  bridge  this  gap  is  the  water  content  of  t)ie  diabase  magma, 
of  which  the  surrounding  rocks  show  abundant  evidence.  At 
the  time  of  the  intrusion  water  was  undoubtedly  present  and 
served  to  lower  considerably  the  fusion  temperature  of  the 
diabase. 

It  is  evident,  then,  that  we  are  by  no  means  at  the  end  of 
the  geological  problem  of  the  relative  volnmes  of  cryetalliue 
and  molten  rocks  wheu  we  have  determined  their  volume 
under  the  conditions  of  pressure  and  composition  in  which  we 
now  find  them  at  the  surface  of  the  earth.  The  effect  of  the 
volatile  components,  now  present  only  in  traces  or  perhaps 
entirefy  absent  from  the  rock,  is  still  to  be  taken  into  account. 
The  effect  of  dissolved  water,  for  instance,  on  the  volume  of 
liqnid  diabase  as  given  in  the  preceding  pages,  is  unknown, 
although  an  amount  sufficient  to  produce  laiire  changes  in 
melting  temperature  and  viscosity  will  probably  be  found  to 
produce  relatively  small  changes  in  volume.  Data  such  as  we 
nave  presented  are  absolutely  necessary,  however,  as  a  basis 
upon  which  to  build  further  knowledge  of  the  volatile  compo- 
nents, when  methods  are  worked  out  tor  including  them. 

nummary. 

After  reviewing  existing  and  rather  conflicting  data  on  the 
change  in  volume  on  fusion  of  various  rocks,  we  have  described 
apparatus  by  which  the  volume  of  metals  and  of  solid  and 
liquid  silicates  can  be  determined  from  250°  to  1600°.  The 
sensitiveness  of  the  method  is  from  003  to  0'2  per  cent.  The 
accuracy  varies  with  the  metal  used,  the  temperature,  and  the 
size  of  the  sample,  but  is  usnally  between  02  and  03  percent. 

The  fundamental  constant  is  the  expansion  coeflicient  of  arti- 
ficial graphite,  which  is  given  by  the  formula  10'  =  055  +■ 
00016^.  In  Table  I  (p.  14)  are  given  the  volumes  of  tin,  lead, 
and  the  tin-lead  eutectic  in  the  liquid  state  at  various  tem- 
peratures. 

Volume  measurements  on  quartz  up  to  1600°  show  a 
dilatation  which  increases  rapidly  as  the  inversion  point  of 
575°  is  approached.  Above  tliis  temperature  quartz  contracts 
■lightly.     At  about  1800°  there  begins  a  second  and  (under  these 
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conditions)  irreversible  dilatation  dne  to  the  formatioD  of 
cristobalite. 

Granite  has  a  cnrve -of  similar  form.  Above  £75°  granite 
nndergoes  a  permanent  dilatation  caused  by  the  ebattering 
effect  due  to  the  different  expansion  coefHcients  of  its  minerals 
ind  to  the  escape  of  gases. 

The  volume  of  diabase  glaee  was  determined  np  to  1250° 
and  eompared  with  Barns'  well-known  values.  A  simple 
explanation  of  some  of  the  conflicting  features  of  his  observations 
has  been  fonnd. 

Diabase  expands  considerably  in  liquefying.  The  difference 
in  volame  between  crystalline  and  gliissy  (liquid)  diabase  at 
1150°,  at  which  temperature  the  crystalline  roct  bepjins  to  fuse, 
is  about  10'9  percent  of  the  volume  of  the  glass,  or  12  percent 
of  the  volame  of  the  crystalline  rock  at  that  temperature.  At 
0°  this  difference  is  7*7  per  cent  of  the  volume  of  the  rock. 

A   consideration   of   the   comparative   specific   volumes   of 

3nartzite  or  feldspatbic  sandstone  on  the  one  hand,  and  liquid 
iabase  at  the  same  temperature  on  the  other  hand,  shows  that 
the  diabase  is  denser,  and  slabs  or  fragments  of  the  sandstones 
would  therefore  tend  to  float  in  it.  This  seems  the  best  explana- 
tion of  the  peculiar  sandstone  inclusions  in  the  Palisade  diabase 
described  by  Lewis. 

Volatile  components,  now  absent  from  the  diabase  as  we 
find  it,  seem  to  have  greatly  modified  its  temperature  of 
intrasion,  and  make  it  impossible  at  present  to  solve  completely 
the  problem  of  relative  volumes  nnder  the  original  conditions 
of  intrasion.  The  foregoing  measurements,  however,  furnish  a 
necessary  basis,  on  which  the  variation  due  to  volatile  components 
can  be  established. 

Natural  rocks  are  unsatisfactory  for  measurements  of  this 
kind  for  three  reasons  :  (1)  from  ine  chemical  standpoint  they 
are  very  complex  systems,  between  whose  properties  it  is 
difficult  to  find  a  simple  relation :  (2)  the  unequal  expansion  of 
the  various  minerals  fractures  the  rock  so  that  it  is  impossible 
to  determine  its  true  volume  change  over  any  considerable 
range  of  temperature ;  (3)  the  natural  rocks  give  off  considerable 
quantities  of  gas.  The  best  plan  for  future  work,  therefore, 
would  seem  to  oe  to  determine  the  volumes  at  high  temperatures 
of  Eimple  silicates,  prepared  in  the  laboratory  and  free  from 
g^es.  Their  other  properties  can  then  be  controlled,  and  it 
will  become  possible  to  find  definite  relationships  between 
composition  and  dilatation.  Such  measurements  have  been 
begun,  and  will  be  reported  on  at  a  later  date. 

Qaopliyiioal  Laboratory,  Ootobtr,  1918. 
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Abt.  II. — Notes  on  a  new  occurrence  of  J'isanite  aiid 
AvMnopyrite,  and  aonie  large  UtaaroUte  CryataUfrmn  the 
DiKsHown  District,  Tennessee;  by  Fkauk  I^brbtson  Van 
Horn. 

hilroduction. 
DiTRiNO  tlie  month  of  June,  1912,  tlie  writer  epent  abont 
three  weeks  with  a  class  of  Case  mining  etndente  ia  the  vicin- 
ity of  Diicktown,  Tennessee.  While  visiting  an  aliaiidoned 
open  cut  of  the  Diiektown  Copper,  Siilphnr,  and  Iron  Com- 
jMny  at  Isabella,  considerable  amounts  of  a  sulphate  deposit 
of  secondary  origin  were  observed.  These  minerals  were  col- 
ored green  in  some  places,  but  blue  was  the  prevailing  color 
for  most  of  the  formation.  It  was  at  tirst  tliought  that  the 
green  mineral  was  melanterite  (FeSO,+  7H  O),  and  that  the 
blue  substance  was  chalcanthite  (CuS0,+5H,0).  However, 
the  green  deposit  was  rubbed  with  a  knife  blade  which  was 
immediately  colored  bv  the  precipitation  of  copper,  which 
proved  that  the  mineral  could  not  be  melanterite.  Subsequent 
tests  and  analyses  showed  that  neither  melanterite  or  chalcaii- 
thite  were  present,  but  that  both  the  green  and  blue  minerals 
were  pisauite  with  varying  proportions  of  iron  and  copper. 
Since  pisanite  has  never  lieen  reported  from  the  region,  ae  far 
as  the  author  is  aware,  the  new  oecnrrence  has  been  tbonght 
worthy  of  record. 

Pitanite. 
As  has  been  previously  stated,  the  mineral  was  found  in  two 
varieties,  green  and  blue,  on  the  walls  of  an  abandoned  open 
cut  at  Isabella,  Tenn.  This  locality  is  situated  about  one  and 
one-half  miles  east-southeast  of  Ducktown.  A  view  of  the 
open  cut  workings  is  shown  in  tig,  1,  in  which  the  light-col- 
ored deposit  along  the  right  hand  wall  consists  of  pisanite. 
The  blue  variety  is  found  in  greater  abundance  than  the  green 
mineral.  Both  substances  are  transparent  and  are  found  as 
crusts,  botryoidal  coatiiigs,  and  stalactites  on  the  walls  of  the 
cut,  which  consist  chiefly  of  pyrite  with  some  pyrrhotite  and 
clia  loopy  rite.  Fig,  2  is  a  nearer  view  of  the  occurrence  shown 
in  lig.  1.  In  fig.  2  some  small  stalactites  are  visible,  and  the 
botryoidal  appearance  can  also  be  noticed.  Limonite  has  pre- 
cipitated in  large  amounts  from  the  water  to  be  seen  in  the 
lower  ri^ht  hand  corner  of  the  picture,  and  the  water  is  quite 
highly  cTiarged  with  copper.  In  some  places  the  deposits  are 
more  or  less  hollow,  and  the  cavities  show  distinct  crystals. 
Many  specimens  were  collected,  and  no  change  was  noticed  in 
their  appearance  until  after  six  months  when  the  surface  of 
practically  all  pieces  became  white  and  opaque. 
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r  of  Pisanite  deposits  sbowlug  stslactitic  and  botrf- 
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Chemical  CompoHition. — Some  five  montliR  after  the  min- 
eral was  collected,  transparent  epecimene  of  both  blue  and  preen 
varieties  were  submitted  for  analysis  to  Dr.  W.  R.  Veazey, 
Assistant  Professor  of  Cbemistry  at  Case  Scliool  of  Applied 
Science,  and  the  writer  is  nnder  ^reat  oblifi^tions  to  Professor 
Veazey  for  the  analyses.  Although  the  specimens  had  been  in 
a  dry  place  so  Idnfj;  after  being  collected,  nevertheless  some 
moisture  was  noticeable  wlicn  the  mineral  was  broken.  It 
was,  however,  not  deemed  advisable  to  dry  the  specimens  bj 
artificial  means  on  account  of  the  possible  oxidation  of  the 
iron,  and  also  for  fear  of  driving  off  some  of  the  water  of  crys- 
tallization which  has  been  stated  by  Schaller*  probably  to  take 
place  between  IW-UO''  C. 

Blue  Piaanite. — Below  is  given  under  (1)  the  analysis  of 
the  blue  pisanite  from  Isabella,  Tenn.  Under  (2)  and  (3)  are 
to  be  found  analyses  of  pisanite  by  Dr.  Scliallerl-  from  the 
Alma  mine,  Leona  Heights,  Calif,  tinder  (4)  is  to  be  seen  the 
original  analysie  of  the  pisanite  from  Turkey  by  Pisani.^ 


(1) 

(8) 

(8) 

(4) 

SO 
Fe6   .- 

.   27-87 

a9-28 

29-2S 

29-90 

..    17-18 

16-47 

5-46 

10-98 

CuO  .. 

.      8*50 

9-22 

17'95 

lS-56 

MgO.. 

..     0-47 

2-82 

H.O  .. 

-   48*7 

45-74 

46  21 

43-ft6 

100-49  100-61  100-69  100-00 

An  inspection  of  tlie  various  analyses  shows  a  very  great 
Bimilarity  between  analyses  1  and  2.  The  water  is  evidently 
too  high  in  1,  and  was  probably  dne  to  a  small  amount  of 
moisture  in  addition  to  the  water  of  crystallization.  The 
water  in  4,  on  the  other  hand,  is  certainly  too  low,  and  was 
probably  determined  by  Pisani  only  by  difference  as  the  anal- 
ysis totals  100  per  cent,  and  this  kind  of  analysis  practically 
always  totals  higher  than  100.  One  interesting  feature  of  the 
Isabella  mineral  is  the  small  percentage  of  magnesia.  This 
indicates  the  presence  of  a  small  amount  of  the  very  rare 
cupromagntisiteg  molecule,  {Cu,Mg)S0j+7H,0,  which  is  iso- 
morplious  with  melanterite. 

Analyses  of  mine  waters|  from  the  region  show  the  presence 

'Minerale  from  Leona  H«lgb(e,  Alameda  Co.,  California,  by  W.  T. 
Schaller,  Bull.  Univ.  of  California,  vol.  iii,  pp.  204-206,  1903. 

top.  cit.,  pp.  206-307 

iComptea  Rendua,  xlriii,  807,  1859. 

§  System  of  Mineralogy,  Dana,  p,  944. 

IPreliminary  Report  on  (be  UiDt-ral  Deposits  of  Dacktown,  Tenneuea,  by 
W.  H.  Emmons  and  F.  B.  Laney,  Bnll.  470,  TJ.  S.  Qeol.  Sorvdy,  p.  172, 1910. 
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of  magnesium  in  small  qDaolities.  In  ttDalyeis  3  by  Sclialler 
ranch  more  magnesia  is  found  than  in  the  Isabella  mineral. 
Id  order  to  calculate  the  formiita  from  the  analysis,  since  the 
magnesia  replaces  ferrous  iron,  it  has  been  recalculated  as  that 
Eubstance  with  the  following  results : 

Recaloulated  Combioing  Molecular 

analjsie  weights  ratio 

SO, 27-87  -348  325 

(FeO,MgO)   18-02  -251  2-3* 

CuO S-50  -107  1-00 

HO 46-47  2-585  24-15 

100-86 

The  molecular  ratios  obtained  froin  analysis  2  by  Schaller 
are  2FeO.CuO.3S0,+2lH0,  and  the  ratios  of  the  bine  pisanite 
from  Isabella  conform  very  closely  to  this  formula,  with  the 
exception  of  the  water,  which  is  3  molecules  too  high  and  must 
be  ascribed  to  moisture  in  the  original  substance.  The  theo- 
retical percentage  required  by  the  formula  2FeO.Cu0.3SO,+ 
2IH,0  would  be  as  follows  : 

SO, 28-53 

FeO 1708 

CnO 946 

H,0 4494 

100-00 

Green  Pisanite. — The  results  of  the  analysis  of  the  green 
mineral  were  obtained  by  Dr.  Veazey  as  follows : 


When  this  analysis  is  compared  with  that  of  the  blue  vari- 
ety, tbe  moat  noticeable  differences  are  the  increase  of  iron 
and  decrease  of  copper  which  was  to  be  expected  from  the 
green  color.  In  other  words,  the  green  mineral  is  a  pit-anite 
nearer  melanterite,  whereas  the  blue  substance  is  a  pisanite 
approaching  the  rare  mineral  boothite  (CuS0.  +  7H,0),  which 


Dcillizedoy  Google 


44         F.  li.   Yiin  Horn — J^Uanife  and  Areenopyrite. 

Sclialler*  liae  sliown  to  be  rsomorpbous  with  melnnterite  form- 
inj;  pieaiijte.  Of  incidental  interest  is  the  fact  that  the  formtt- 
tion  of  both  green  and  blue  pisanite  have  caused  a  secondary 
enrichment  of  the  copper  bv  oxidation,  since  the  sulphide  ores 
of  the diiitrict  contain  an  amount  which  averages  slightly  under 
two  per  cent.  The  small  percenta^  of  magnesia  is  seen  to  be 
fairly  constant  in  both  varieties.  When  we  calculate  this  MgO 
as  FcO,  the  analysis  beconiei  ae  follows ; 

BM«lculat«d       Combining       HolecnlaT 
aaalyaiB  weights  ratio 

SO, 28-72  -359  7'48 

(KeO.MgO) 22-U  -308  8-42 

CnO 383  -048  1-00 

H,0 45-58  2-530  52-71 

100-27 

About  the  nearest  logical  formula  for  the  green  pisanite 
would  eeem  to  be  seven  times  tliat  of  the  melanterite  formula, 
or  6FeO.Cu0.7SO,+49H,0.  In  this  analysis  it  wonid  seem 
that  the  water  is  even  larger  than  in  the  blue  mineral  although 
the  same  is  nearly  a  per  cent  lower.  In  all  published  analyses 
of  the  pisatiite  the  size  of  the  molecule  seems  to  vary,  although 
all  occur  in  multiples  which  adhere  closely  to  the  general 
formula  (RSO^-f  7n,0)i.  It  is  very  clear  from  the  analyses 
of  the  Isabella  varieties  as  well  as  those  from  other  localities 
that  iron  and  cupper  have  no  Used  relation  to  each  other,  but 
that  they  may  replace  each  other  in  any  proportion. 

CryHallograpky. — Altliough  the  analyses  of  the  mineral 
showed  quite  conclusively  that  the  substance  was  pisanitu,  and 
not  a  mechanical  mixture  of  melanterite  and  chalcanthite,  as 
might  be  claimed,  nevertheless,  it  was  thought  advisable  to  see 
if  any  measurable  crystals  could  be  obtained.  The  writer, 
after  breaking  up  several  specimens  of  the  blue  pisauite,  was 
able  to  find  some  cavities  lined  with  well-detined  crystals. 
Because  o£  his  previous  experience  with  pisanite  from  Cali- 
fornia, Dr.  W.  T.  Schallert  of  the  U.  S.  Geol.  Survey, 
Washington,  D.  C,  was  asked  to  see  if  he  could  obtain  any 
crystallographic  results  on  the  material  selected.  I  wish  to 
express  my  thanks  to  l>r.  Schaller  for  his  data  which  follow, 
and  also  especially  fur  his  drawings,  tigs.  3,  4,  and  5.  Dr. 
Schaller  has  observed  seven  forms  which  are  fairly  common 
for  pisanite  with  the  exception  of  a  (121),  which  was  first  dis- 
covered by  him  on  the  mineral  from  the  Alma  mine,  Leona 
Heights,  California.     Dr.  Scballer^s  results  follow: 

•Op.  cit.,  p.  207.  top.  oit,,  pp.  199-207. 
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Forms  determined  : 

b  (010),  very  narrow,  figs.  4  and  5. 

c  (001),  large  figs.  3,  4,  5.     Cleavage, 

m(llu),  large,  dominant  form,  figs.  3,  4,  S. 

o  (Oil),  gmail,  figf.  4  and  5. 

10  (103),  minute,  fig.  4. 

t  (lOli,  minute  but  larger  than  to  figa.  3,  4,  and  5. 

a  (l21),  minnte,  fig.  5. 

(Average)  Measured  and  Calculated  angles: 


Cnloalatod 

* 

P 

* 

p 

b  {010) 

o'n' 

90°  00' 

O^OO' 

90°  00 

e  (001) 

89  23 

15  54 

90  00 

15  11 

«i(110) 

41  34 

90  00 

41  36 

90  00 

Moii) 

0  35 

57   19 

10  07 

57  04 

»  {103) 

88  87 

36  29 

90  00 

36  48 

'  (101) 

80  21 

47  06 

90  00 

47  09 

'(121) 

18   33 

72  06 

19  32 

72  46 

The  resnlts  of  the  crystallographic  observations  given  above 
prove  conelnsively  that  the  bine  mineral  is  pisanite  and  not  a 
mechanical  mixture  of  melanterite  and  clialeanthite  as  some 
flight  claim. 

Arsenopyrite. 

One  of  my  students,  Mr.  P.  A.  Fruehaiif,  found  in  the  schis- 
^  walls  of  the  ore  body  of  the  London  mine,  Dncktown 
•jistrict,  two  crystals  which  he  brought  to  the  writer  for  deter- 
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mination.  One  crystal  measured  SxT™"",  and  the  ot!ier  was 
9x14""°.  Tlie  general  habit  of  both  resembled  that  of  danaite 
or  glaiicodot  rather  than  that  of  most  arsenopyrite.  Blowpipe 
teste  revealed  the  presence  of  iron,  arsenic  and  sulphnr  with 
just  a  trace  of  cobnlt,  so  that  the  mineral  ie  undoabtedly 
arsenopyrite  rather  than  danaite.  The  specific  gravity  ie  6*Oo. 
Mr.  Walter  F.  Hnnt,  Instractor  in  Mineralogy  at  the  Uni- 
versity of  Michigan,  very  kindly  offered  to  measure  and  draw 

the  crystals,  and  I  wish  to 
FiQ.  0.  thank  nim  for  his  assistance. 

The   following   forms    weru 

determined  m(.HO),  a  {Oil), 

n  (012). 

ADglea  meaBQred. 


The  drawing  ie  ebowD  in 
J.  6  where  it  is  readily  eeen 
that  tile  largest  face  is  the 
Fio."«.    Arwnopyrif  from  London   brachydomeo  (Oil)  and  that 
mine,  Dncktown,   Tenneaaee.     Dmwn   ttie    braehydome    n(Ul2)     IS 
by  Mr.  W.  F.  Hunt.  very   email.      The    habit    is 

ratner  unusual  for  arseno- 
pyrite, and  as  far  as  the  writer  can  learn,  that  mineral  has  also 
never  been  previously  reported  from  the  Ducktown  region. 


This  mineral  has  long  been  known  from  the  general  district 
of  eastern  Tenneseee,  western  North  Carolina,  and  northera 
Georgia.  Emmons  and  Laney*  have  carefully  traced  certain 
staurolite  layers  in  the  schbte  of  the  Ducktown  region  on 
account  of  their  probable  relation  to  former  sedimentary  rocka 
which  had  presumably  been  replaced,  with  the  consequent 
formation  of  the  iron  and  copper  sulphide  deposits.  It  is  the 
present  purpose  of  the  writer  only  to  call  attention  to  a  fact  of 
mineralogical  interest  which  has  apparently  been  overlooked, 
namely  tlie  extremely  large  size  of  some  of  the  staurolite  crys- 
tals. The  largeet  were  found  in  Mill  Creek  Valley  not  far 
from  the  CopperLill  smelter  of  the  Tennessee  Copper  Com- 
pany. The  locality  was  visited  three  times,  each  with  a  dif- 
ferent section  of  students,  and  the  writer  is  not  sure  but  that 
the  students  may  have  collected  larger  crystals  than  are  shown 
in  fig.  7  which  are  approximately  half  the  eize  of  the  natural 
•Op.  oit..  p.  168. 
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crystals.  Tlie  only  faces  observed  were  tm  (110)  and  i{010). 
No  terminal  planes  were  developed  and  all  faces  were  rough. 
Tiie  siu^le  crystal  on  the  left  in  fig,  7  measures  about  5™  wide, 
10'-"  long,  and  4™  thick.  The  other  two  are  twins  after  z  (232). 
The  central  crystal  is  5™  wide,  8™  long,  and  6"'  tliick.  The 
largest  specimen  is  the  twin  on  the  right  which  is  tabular  and 
measures  8™  wide,  9™  long,  and  3^™  thick.    The  writer  has 


Fio.  7.  Lu^  Btaurolite  crystals  (one-bolf  uatunil  size)  from  Copper- 
bill.  Tenneteee.  The  one  on  the  left  is  &  single  crystal,  aud  the  other  two 
■re  twins  nfter  z  (232). 

never  seen  any  staurolites  in  this  country  or  Europe  which 
approach  the  size  of  these  crystals.  All  crystals  were  either 
single  individuals,  or  twinned  after  s  (233).  and  none  twinned 
after  ie(032|  were  found.  It  may  possibly  be  a  matter  of 
interest  to  know  that  out  of  several  hundred  small  staurolite 
crystals  found  near  Mineral  Bluff,  Fannin  Co.,  Oeot^a,  only 
11  were  found  twinned  after  a;i032).  The  remainder  were 
alK>ut  equally  divided  between  single  crystals  and  those  twinned 
after  z(232).  The  large  staurolites  of  the  Ducktown  district 
arc  all  altered  to  an  irregular  aggregate  of  chlorite,  muscovite, 
and  gnniet,  with  a  little  magnetite.  In  some  places  the  crys- 
tals were  evidently  formed  after  the  schistose  structure  of  the 
surrounding  roeks  was  developed. 


Dcillizedoy  Google 


48        Perrei — Representation  of  Volcanic  Phenomena. 


Abt.  III. — T/ie  Diagrammatic   Representation  of   Volcanic 
Phenotnena  ;  hy  Frank  A,  PaBRbT.    With  Plates  I  to  IV. 

As  an  aid  to  comprehension  in  the  presentation  of  a  BubjecC 
the  visual  sense  is  now  appealed  to  in  a  constantly  iQcreanin^ 
degree  and  a  description  without  illuatrationB,  a  report  withont 
&  drawing,  or  a  lecture  without  projections  has  become  ahiioet 
an  exception.  Exquisitely  sensitive  to  infinitesimal  variatJODs 
of  form  and  of  angle,  the  eje  is  capable  uf  conveying  to  the 
mind,  not  only  the  reproduction  of  a  scene,  but  even  the 
summed-up  itnpreiision  of  a  eerios  of  measurements,  or  the  net 
results  of  a  laborious  analysis,  as  presented  in  a  diagram  or 
curve.  And,  in  such  a  case,  it  is  precisely  this  property  of 
totalizing,  so  to  speak, — of  eliminating  distracting  intervaU 
and  sliowing,  almost  at  a  glance,  those  collected  values  which 
ninst  otherwise  have  been  considered  one  by  one — which 
constitutes  the  principal  advantage  of  this  method,  and  gives 
to  it  the  quality  of  being  at  once  analytic  and  synthetic.  We 
may  sec,  therefore,  the  gradual  cooling  down  of  a  molten  mass 
plotted  out  in  the  form  of  a  curve,  of  which  beginning,  pro- 
gression and  end  are  visible  and  comparable;  the  details  of 
plant  growth  analyzed  and  totalized  in  a  diagram  ;  the  composi- 
tion of  rocks  exhibited  for  comparison  in  a  series  of  geometri- 
cal designs.  But  it  would  be  superfluous  to  insist  farther 
upon  the  value  of  the  principle — it  is  a  tbenrem  not  needing 
demonstrarion. 

Can  a  diagrammatic  method  be  devised  for  presenting  the 
characteristics  of  volcanic  action  ? 

It  may  be  said,  lirst  of  all,  that  the  process  of  photographic 
illustration  has  already  rendered  immense  service  to  this  branch 
of  science  whose  phenomena  are  unfamiliar  to  the  mass  of 
mankind  and  are  of  a  grandeur  and  beauty  which  baffle 
description.  The  earlier  sketches  v!%Ye  often  but  caricatures, 
in  many  instances  reducing  the  average  volcanic  cone  to  the 
apparent  di'iiensions — and  almost  to  the  angles— of  a  church 
steeple,  and  it  is  by  pliotograpiiy  alone  tiiat  the  reality  can  be 
adequately  portrayed  and  thns  conserved  as  a  precious  docu- 
ment for  all  time. 

But  even  this  process  is  circumscribed  and  limited  in  its 
practical  application,  not  merely  by  the  frequent  elimination 
of  the  »ine  i/ua  non  by  clouds  of  erupted  material  but  also  by 
reason  of  the  fact  that  a  large  proportion  of  volcanic  mani- 
festations are  invisible  and,  hnally,  because  the  photographic 
record  is  fragtneotary  and  lacking  in  the  above-mentioned  ele- 
ment of  totality.     It  is  evident,  therefore,  that  a  further  means 
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of  expression  is  needed — a  method  of  graphically  setting  forth 
all  the  phenomena  in  their  just  proportions  and  thus  to  reveal, 
in  a  composite  figure,  the  true  character  of  the  volcanic  activ- 
ity. The  complete  preeentation  of  any  volcanic  event  will 
then  be  of  a  threefold  nature,  consisting  of  the  written  descnp- 
tioD,  the  photographic  illnstrations  and  the  diagrammatic 
interpretation  of  the  ernptive  characteristics. 

Long  convinced  of  this  need,  the  writer  has  devoted  himself 
to  the  problem  of  devising  a  method  which  should  be  simple 
and  thoronghly  practical  and,  at  the  same  time,  so  comprehen- 
sive as  to  fully  attain  the  scope  of  the  undertaking,  and  this  is 
believed  to  have  been  finally  achieved  in  the  form  herewith 
presented. 

ITie  Diagram  Chart. 

This  is  furnished  in  the  form  of  a  simple  postcard  which  ie 
easily  bandied,  readily  carried  in  the  pocket  and  mailable  at 
lowest  rates.  One  side  is  spaced  for  the  address  and  for  notes, 
while  the  other  is  devoted  to  the  diagram  proper  (see  Plates 
I-IV,  giving  twelve  examples,  each  reduced  one-third)  which  is 
constructed  as  follows : 

Eight  radiants  diverge  from  a  center  and  terminate  in  a  cor- 
respondingly divided  circle  which,  with  its  extensions,  forms 
the  key  of  the  diagram.  The  circle  divisions  are  marked  to 
represent  the  various  phenomena,  which  are  here  expressed  in 
the  most  general  terms — explosive,  effusive,  seismic,  etc. — and 
are  then  developed  and  extended  into  subdivisions  indicated  by 
lettereand  numbers. 

Each  radiant  is  a  line  of  ten  small,  blank  circles  destined  to 
be  blackened  or  filled  in  progressively  from  the  center  out- 
ward, according  to  the  value  assigned  to  the  phenomena  which 
it  represents.  Tie  lines  are  then  to  be  drawn  between  the 
radiants  intercepting  these  at  the  marked  extremities,  thus 
enclosing  a  space  and  constituting  a  figure.,  to  the  form  and 
angles  of  which  the  eye  is  peculiarly  sensitive. 

This  construction  of  the  radiants  has  been  adopted,  not  only 
as  forming  a  convenient  decimal  scale  of  values,  but  because  it 
is  easier  to  blacken  a  small  circle  than  to  draw  a  straight  line, 
and  also  for  the  reason  that  a  more  salient  appearance  is  thus 
given  to  the  radiant  proper — which  indicates  the  real  value 
aceigDed  to  the  characteristic — than  to  the  rest  of  the  figure 
as  formed  by  the  intercepts. 

The  subdivision  is  to  be  indicated  in  the  diagram  by  its 
letter  and  number,  and  in  the  case  of  there  being  more  than 
one — and  of  lesser  value — its  circle  may  be  left  blank,  thus 
contrasting  with  the  others  and  marking  the  value  of  that  par- 
ticuiar  detail,  all  of  which  is  clearly  suown  in  the  examples 
accompanying  this  article. 
An.  Jora.  Sci.— FoDRTH  Series,  Vol..  XXXVII,  No.  817.— Jahuart,  1814. 
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Before  taking  up  the  consideration  of  the  various  phenom- 
ena it  inaj  be  well  to  realize  the  scope  aud  liinitatiouB  of  the 
method.  The  volcanic  forces  and  manifeetatious  not  being 
generally  iiieagurable  in  exact  terms,  it  is  obvions  that  the  dii- 
grani  will  not  be  of  mathematical  precision.  It  is  not  intended 
to  indicate,  for  example,  the  explosive  pressure  in  anj  given 
outbreak  nor  to  compare  this  rigoronsly  with  that  of  another 
volcano,  but  the  object  is  rather  to  present  the  vaiSous  phe- 
nomena of  an  eruptive  phase  in  their  relativo  proportions,  and 
thus  to  reveal  its  cnaracter.  The  maximum  values  once  adjudi- 
cated, it  is  easy  to  estimate  the  others  in  relation  thereto,  and 
this  is  far  simpler  than  might,  at  first,  be  supposed.  At  Etna, 
for  instance,  in  1910,  the  great  stream  of  lava,  issuing  at  tor- 
rent velocity  and  extending  nearly  ten  kilometers,  easily 
formed  the  distinguishing  characteristic  and,  constituting  as  it 
did,  even  for  this  volcano,  a  very  notable  outflow,  it  is  indi- 
cated on  the  diagram  with  the  full  ten  points.  At  Teneriffe, 
instead,  althougli  the  lava-flow  constituted  the  principal 
external  manifestation,  its  magnitude  was  mediocre,  not  merely 
per  ae  but  also  more  in  comparison  with  former  outflows  in  the 
same  general  locality,  and  the  value  assigned  to  it  on  the  dia- 
gram IS  seven  points. 

It  will  be  evident,  also,  that  the  difference  of  a  point  either 
way  will  not,  as  a  rule,  materialiv  aflfect  the  integrity  of  the 
diagram.  At  Stromboli,  1912.  tiie  electrical  phenomena  are 
indicated  by  a  radiant  of  six  points.  A  second  observer  might 
have  argued  against  a  higher  value  than  Ave  on  the  ground 
of  the  brief  duration  of  the  phenomena,  while  a  third  might 
have  assigned  seven  points  in  order  to  give  prominence  to  a 
manifestation  extremely  rare  at  this  volcano — all  would  have 
been  agreed,  however,  as  to  a  characteristic  of  very  notable, 
but  not  paramount,  importance  and  thus,  in  any  case,  the  radi- 
ant would  have  a  value  conveying  this  impression. 

In  the  case  of  certain  ontbreaks  of  brief  duration — and  espe- 
cially those  ill  which  the  character  of  the  action  does  not 
greatly  change  during  the  course  of  the  eruption — a  single  dia- 

frain  may  be  made  to  represent  the  entire  event.  This  baa 
ere  been  done  with  Teneriffe  1909,  Stromboli  1907  and  1912, 
and,  somewhat  reluctantly,  with  Etna  1910.  But  it  is  evi- 
dently preferable  that  the  diagram  should  show  the  eruptive 
conditions  at  a  given  time,  different  phases  being  represented 
on  separate  charts  and  forming  a  series  of  documents  reveal- 
ing the  progression  of  the  eruption,  and  it  is  here  that  the 
beauty  and  value  of  this  graphic  method  is  most  clearly  seen. 
At  the  great  Vesuvian  outbreak  of  1906  the  character  of  the 
eruptive  phenomena  swung  through  a  succession  of  inter- 
inerging  but  widely  differing  phases,  the  more  salient  of  which 
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are  here  represented  in  six  dtagrams  showing  the  development 
and  progreEsive  variations  of  that  important  event. 

It  may  be  of  interest  to  note  that  any  vo1canolof;ist  could, 
from  these  diafi;ramB  alone,  mentally  constrnct  and  vividly  and 
correctly  describe  the  eruption.  This  is  evidently  workmg  in 
the  wrong  direction  and  is  not  to  be  recommended,  but  the 
fact  is  mentioned  as  showing  the  effectiveness  of  the  method. 

Considering  now  the  characteristics  constituting  tlie  key  of 
the  diagram,  the  reader  will  at  once  perceive  their  emplace- 
ment to  be  that  which  is  most  in  accord  with  the  nature  of  the 
phenomena.  Thus,  the  apwardly  diverging  radiants  represent 
the  explosive  phases,  the  vertical  being  devoted  to  volatile  and 
aerial  products  and  phenomena,  with  the  fragmental  ejecta 
adjacent  on  either  side.  The  lower  perpendicular  indicates 
degradation  and  deformation  of  the  volcanic  edifice  by  the 
geoeral  phenomena  of  descent.  The  effusive  line  is  horizontal, 
on  the  right,  while  the  left-hand  corresponding  radiant  repre- 
eeots  electrical  effects,  and  is  adjacent  to  the  ash  and  detritus 
which  are  essential  to  their  development.  Seismic  phenomena 
are  placed  at  the  lower  right,  while  the  so-called  scdfataric.  i.  e. 
fDmaroIic,  phase  of  activity  is  represented  at  the  lower  left. 

Speaking  in  the  most  general  terms,  the  right-hand  divisions 
present  the  more  direct  products  and  phenomena,  while  those 
at  the  left  are  of  an  accompanying  or  resultant  natnre.  These 
will  be  seen  to  correspond  in  some  degree — especially  as  regards 
the  ejectamenta — with  certain  terms  which  have  been  proposed, 
and  in  part  adopted,  for  distinguishing  the  principal  classes  of 
phenomena  and  products,  but  which,  however  convenient  for 
general  descriptions,  either  fail  in  consistency  under  the  test  of 
me  diagrammatic  method  or  are  inapplicable  because  of  the  diffi- 
cnlly  of  observational  classification.  They  invariably  constitate 
an  imperfect  and  limiting  terminology,  and  are  here  best 
avoided. 

We  shall  now  examine  in  detail  the  various  subdivisions  of 
the  analytical  key,  beginning  with  the  "Explosive"  phase. 

The  gases  issuing  from  active  lava  on  its  first  coming  to  the 
snrface — and  even  under  other  conditions — will  frequently 
burn  with  the  production  of  true  flame,  which  is  sometimes 
lost  to  view  in  the  glare  of  the  lava.  At  Etna  in  1910  the 
flames  were  ten  meters  in  length,  and  at  Kilanea  in  1911  each 
lava-fountain  jet  emitted  a  flash  of  bumrng.  gas. 

Apparently  a  product  of  this  combustion,  but  possibly  also 
formM  without  it,  the  transparent  bluish  vapor  constitutes  one 
of  the  commonest  of  volcanic  exhalations.  It  is  the  bane  of 
the  photographer  in  inter-crateric  work,  where  its  transparency 
deceives  the  eye  and  its  actinic  color  veils  the  photographic 
image.    The  white  "panaolie"   is  a  characteristic  feature  of 
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modem  activity,  being  divided,  when  tlie  emiseion  is  strongly 
intermittent,  into  puffs,  rinfiis,  vorticeB,  etc. 

Stronger  explosions  form  waves  of  aerial  concussion,  often 
destructive,  as  at  Stromboli  in  1907,  wlien  most  of  the  win- 
dows on  the  island  were  shattered  to  fragments.  At  Krakatoa 
the  aerial  concussion  was  of  enormous  power.  When  these 
waves  resalt  from  explosions,  which  are  very  sharp  and  sudden 
as  well  as  powerful,  they  may  be  visible  near  their  source  as 
"flashing  arcs,"  springing  upward  and  outward  from  the 
crater.* 

Subterranean  detonation  is  frequently  so  powerful  as  to  be 
heard  at  enormous  distances.  The  magnitude  of  these  deep- 
seated  manifestations  is  sometimes  greater  than  that  of  the 
surface  eruption,  as  was  the  case  at  Teneriffe  in  190d.t 

Catastrophic  explosion  is  that  of  extraordinary  violence,  gen- 
erally involving  considerable  deformation  of  the  volcano  itself, 
and  extending  its  destructive  effects  to  the  surrotinding  regions 
(Vesuvius  1906,  Pelee  1902,  Krakatoa  1883,  etc.). 

The  "Fragmental"  division,  on  the  right,  represents  those 
products  issuing  most  directly  fr^m  the  active  lava,  commenc- 
mg  with  that  of  the  most  liquid  consistency. 

Lava  Fountains,  with  the  constant  product  of  their  scatterins; 
jeta — the  filamentary  lava,  or  "  Pele's  hair,"  Glass  foam — the 
so-called  thread-lace  scoriie,  or  "  limu,"  and  the  interesting 
little  lava  drops — "Pele's  tears," if  Section  ft  represents  ejecta 
from  a  somewhat  more  viscous  quality  of  lava,  the  vitreous 
sand  often  formed  from  the  surface  material  in  great  qnantities 
by  the  expanding  gases,  the  well-known  lapilli  and  scoria  and 
the  fignred  projectiles  and  bombs.  In  section  c  we  have  ejected 
vumice  and  that  marvelous  result  of  rapidly  exploding  viscous 
lava  which  is  the  nvt-e  ardente. 

A  digression  must  here  be  made  in  order  to  point  out  that 
the  diagram  is  not,  and  cannot  be,  concerned  with  the  origin  or 
cause  of  the  phenomena,  nor  with  the  chemical  nature  of  the 
products.  For  example,  explosion  may  be  due  to  juvenile 
gases  or  to  those  of  purely  "phreatic"  origin,  but  this  is  a 
matter  for  ulterior  investigation  and  description — the  diagram 
records  the  physical  phenomenon.  Similarly,  the  water  of  a 
mnd-flow  may  be  volcanic  or  wholly  meteoric,  or  it  may  result 
from  the  melting  of  snow  by  hot  volcanic  gases — this  is  matt«r 
for  the  observer's  notes.  And — more  important  still — ejected 
ash  may  be  due  to  the  trituration  of  "  old  material,"  or  it  may, 
on  the  contrary,  consist  of  finely  divided  magma  from  the  lower 
parts  of  the  conduit  and,  therefore,  be  a  direct  ejection  of  co- 
*  This  Jonrnal,  x«iv,  326,  October,  1812. 
f  Volcaaologieal  Review,  No.  1. 
JTbU  Jonmal,  xxxv,  611,  Jane,  1613, 
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eval  lava.*  But  it  is  often  exceedingly  difficult  to  distinguish 
between  tlie  two  varieties  and,  as  regards  the  diagram  proper, 
an  emission  of  ash  ia  to  be  represented  as  such,  and  ulterior 
inforoiatiou  ^iveii  in  writing. 

As  for  the  iiuee  ardente,  its  complex  conatitution  of  explod- 
ing lava,  avalanche  forni^  and  cauliflower  aah-cloiid  development, 
makes  it  somewhat  difficult  of  empiacenient,  but  this  has  here 
been  done  on  the  basis  of  its  fundamental  nature,  viz.,  that  of 
a  direct,  explosive-fragmental  product.  This  rare  phenomenon 
should  not  be  confounded  with  the  hot  ash  avalanches  men- 
tioned below. 

A  study  of  the  chart  will  also  show  that,  in  some  cases, 
a  certain  suhdiviaion  will  not  need  to  he  indicated  on  the  dia- 
gram, as  it  will  be  understood  from  the  otlier  phenomena.  For 
example,  in  the  case  of  strong  ejection  of  bombs  and  scorise 
directly  from  the  active  lava — especially  at  a  volcano  of  the 
liquid  lava  type — it  would  be  superfluous  to  indicate  the 
"  crater- glow." 

Another  point  requiring  explanation,  and  which  some  may 
be  disposed  to  criticise,  is  the  omission  of  a  number  of  forma- 
tions resulting  from  the  various  activities.  Avalanches  and 
mnd-flowB  will  form  "brechea"  and  "conglomerates,"  cones 
may  be  erected  by  fragmental  ejecta,  etc.,  but  all  these  involve 
the  time  clement  and  are  not,  strictly  speaking,  contained 
within  the  category  of  the  phenomena  and  immediate  products 
of  emption,  and  should  uoC,  therefore,  be  made  to  encumber 
the  diagram. 

We  now  return  to  the  diagram  key,  at  the  left  hand  "  Frag- 
mental" division.  The  products  here  are  non-luminous,  or 
only  partially  so,  according  to  the  conditions  of  their  ejection 
and  the  temperature  of  the  gases,  and  consist  of  debris  pro- 
jected in  rapid  jets  or  majestically  unfolding  volutes,  or  quickly 
darting  epear-liead  formations.  These,  in  case  of  a  powerful 
emission,  will  form  the  ash  "pino"  fi-oin  which  descend  the 
showers  of  ash.  When  the  explosive  power  is  sufficient,  angu- 
lar blocks  and  bowlders  are  added  to  the  ejected  debris.  The 
presence  of  water,  either  volcanic  or  meteoric,  jnay  result  in 
the  concentration  of  the  air-boriie  ash  into  pea-like  spheres — 
the  pisolites, — or,  if  in  great  quantity,  precipitate  the  ash 
clond  in  veritable  showers  of  mnd. 

The  "Efltusive"  division  bejrins  with  inter-crateric  flows  of 
lava  whicii,  with  the  ejecta,  constitute  the  usual  process  of 
erwer  tilling.     Lava  lakes  also  are  included  in  this  division, 

•S*8  Johnston  LavU;  "The  Mechanium  of  Vok-anic  Action.''  OeoIoRioal 
Haguine,  October,  1900,  p.  441,  See  also  paper  by  the  present  writer  in 
this  Journal,  M«iv,405,  November,  lUlS,  written  In  ignomnce  of  having  beon 
uiticipited  b;  t>r.  Jobnalou  Laris  in  this  matter  of  direct  ash  production. 
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which  in  not  an  inconeistencv,  as  might  be  supposed,  for  their 
material  is  in  constant  circulation  and  therefore  truly  fluent. 
One  of  the  most  characteristic  of  volcanic  phenomena  is  the 
"crater  glow" — that  searchlight  projection  of  the  lava's  Inmi 
nosity  whose  reflection  by  the  vapor  clouds  so  closely  reeembles 
true  flame.  It  is  here  included  as  constituting  a  precise  indi- 
cation of  the  presence  of  active  lava  in  acrater  to  which  anear 
approach  may  he  inconvenient.  Terminal  overflow— a  com- 
mon occurrence  at  some  volcanoes,  especially  during  their 
period  of  growth, ^ — and  the  more  frequent  out-flow  from  lateral 
vents,  are  provided  with  subdivision  into  the  two  main  types 
of  lava — the  smoothly  undulating  or  ropy  "  pahoehoe"  and 
the  bristling,  disunited  surface  "a-a."  Finally  we  have  the 
phenomenon  of  viscous  extrusion  in  the  form  of  domes,  spines, 
etc.     (Pel^,  Bogoetof,  etc.) 

"Electric"  effects  are  inevitable  whenever  a  powerful  gase- 
ous emission  is  accompanied  by  abundant  detritus,  the  volcanic 
lightning  appearing  in  linear  flashes  (Vesuvius  1906)  or  as 
gbbes  of  fire  (Stromboh  1907)  or  in  stellar  form  {Pel6e  1902.) 
when  the  "  pino,"  as  a  whole,  acquires  high  potential,  the 
silent  discharge  from  pointed  objects — St.  Elmo's  Fire — is  fre- 
quently seen  (Vesnvius  1906). 

In  the  "Seismic"  division,  volcanic  earthquakes  are  sub- 
divided— for  convenience  in  the  case  of  representing  an  erup- 
tion with  a  single  diagram — into  premonitory,  concomitant 
and  consecutive.  Bradyseismic  phenomena  involve  local  ele- 
vation or  depression  which  may  be  transient  (Vesuvius  1906) 
or  persistent  (Usu-san  1910).  Lastly,  volcanic  "  Tsunami,"  or 
sea  waves,  may  be  of  great  magnitude  and  destructivenese. 
(Kratcatoa  1883). 

The  so-called  "  Solfataric  "  phase  of  volcanism  is  of  greater 
importance  than  is  generally  supposed,  especially  as  regards 
the  primary  fumaroles  which  develop  in  communication  with 
the  mterior.  These  may  continue  in  operation  through  long 
periods  of  external  repose,  during  which  time  they  serve  as 
indicators  of  the  internal  conditions.  Those  of  the  second- 
ary type,  forming  on  erupted  lava  or  upon  accumulations  of 
elastic  ejecta,  have,  necessarily,  a  more  ephemeral  existence 
although  they  may,  for  a  time,  exhibit  the  same  temperatures 
and  characteristics  as  those  of  the  primary  type.  Flame-emit- 
ting fumeroles  have  been,  perhaps,  the  least  studied  of  all  the 
phenomena  relating  to  this  interesting  phase  of  volcanic  action. 

"  Degradation  "  and  deformation  of  the  volcanic  edifice  may 
occur  through  demolition,  subsidence  or  collapse,  either  ter- 
minal, (Vesuvius  1906)  lateral,  (Vesnvius,  Etna,  Santa  Maria, 
etc.)  or  subsurface  (Bogoslof,  Krakatoa,  etc).  By  processes  of 
translocation,  the  materials  left  or  deposited  upon  the  upper 
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parte  of  the  naonntaiii  are  gravitation  ally  transported  to  lower 
and  more  periphei-al  resting  places,  forming  hot  ash  flows,  if 
of  freshly  erupted  substances  and,  in  any  case,  dry  avalanches, 
of  which  a  variation  is  constituted  by  the  equally  imposing, 
but  often  less  directly  observable,  inter-crateric  slides.  If 
these  last  are  of  considerable  magnitude,  the  result  may  be  an 
external  ash  cloud  greatly  resembling  those  due  to  explosion, 
and  it  is  important  that  tlie  two  should  not  be  confounded. 
With  the  advent  of  water  the  translocation  is  effected  by  the 
mud  lavas  which  so  freqnently  form  a  highly  destructive 
adjunct  to  an  eruption.  The  diagram  key  terminates  with  the 
item  of  true  landslides,  of  volcanic  causation,  which  have  been 
frequent  in  Japan. 

In  illnstration  of  this  diagrammatic  method,  twelve  exam- 
ples are  reproduced  on  Plates  I  to  IV  (two-thirds  size)  a  glance 
at  which  will  be  more  explanatory  than  many  pages  of  descrip- 
tion. Attention  is  called  to  the  comparison  of  the  consecutive 
outbreaks  of  Stromboli  and  their  contrast  with  the  effusive 
eruption  of  Etna ;  to  the  still  greater  difference  between  the 
extreme  types  Kilauea  and  Krakatoa ;  and  to  the  phase  varia- 
tions in  the  progress  of  the  great  Vesuvian  event  of  1906,  for 
the  fall  analysis  of  which  even  more  diagrams  might  profit- 
ably be  employed.  It  is,  in  fact,  highly  desirable  that  the 
charts  be  used  freely  and  that,  at  every  visit  to  a  vantage  point 
of  observation,  a  diagram  should  be  plotted.  It  will  scarcely 
be  necessary  to  state  that  the  charts  need  only  be  marked  in 
the  Held  and  the  final  digram  tilled  in  at  leisure  and  after 
matnre  consideration.  It  is  recommended  that  the  intercept 
lines  be  drawn  before  the  insertion  of  the  letters  and  numbers. 
These  last  may  be  done  in  red  ink,  if  desired,  which  gives  a 
lessor  interference  with  the  figures,  or  the  circles  may  be  done 
in  red,  which  is  very  effective.  The  circles  can  easily  be  filled 
with  pen  and  ink — an  operation  which  the  employment  of  a 
lens  will  facilitate  and  expedite. 

Very  elegant  diagrams  for  lantern  projection  may  be  made 
by  coloring,  on  the  slide,  those  circles  which  would  otherwise 
he  blackened.  The  diagram,  in  this  case,  is  to  be  formed  on 
the  card  by  the  intercept  lines  and  other  markings  but  without 
blackening  the  circles.  This  is  then  photographed,  the  slide 
is  made,  and  then  the  diagram  circles  are  filled  in  with  trans- 
parent colors.  Suitable  tints  are  the  following,  beginning  at 
the  upper  radiant  and  proceeding  clock-wise:  violet,  orange, 
red,  ijreen,  purple  or  black,  yellow,  blue,  brown. 

It  18,  perhaps,  inevitable  that  each  living  investigator  would 
have  worked  ont  a  somewhat  different  diagrammatic  method, 
as  personal  experience  is  always  vivid  and  necessarily  affects 
the  perspective  of  a  world-wide  volcanism.     It  is  only  by  trial 
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OD  s  large  scale  under  actnal  workinj^  conditioDB  that  the  vaiae 
of  a  new  process  can  be  determined,  and,  to  this  end,  the  writer 
is  prepared  to  furnish  tliese  charts  gratis,  in  several  languages, 
to  investigators,  and  will  endeavor  to  keep  a  suppl;  on  hand 
at  all  observatories  or  stations  at  volcanic  centers,  or  wirh  the 
local  authorities,  for  free  distribution  to  visiting  scientists. 

Believing  that  a  special  punishment  is  reserved  for  those 
who  lightlv  or  unworthily  bring  forward  anj  new  thing,  the 
writer  has  labored  to  produce  a  method  which  should  ioclnde 
all  essentials  without  undue  complication  and  withont  the 
sacrifice  of  workability,  bearing  constantly  in  uiind  the  not 
infrequent  tDoments  of  his  own  observations  and  seeking  Ibe 
counsel  of  practical  fellow  workers,  for  whose  kindly  aid  he  is 
duly  grateful. 
PoaiUlpo,  Naples,  October,  1913. 
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A  ST.  IV. — A  Nipa-palm  in  the  North  American  Eocene  ;* 
by  Edward  W.  Bkrry. 

The  existing  Nipa-palra,  whicli  Sir  Joseph  D.  Hooker 
deecribes  so  jtraphicallj-  in  Ins  Himalayan  Journals  (1891),  is 
an  exceedingly  interesting  plant  lo  the  ecologist,  the  BysteiiiS' 
tist,  the  geographer  and  tlie  geologist.  To  the  ecologist 
because  of  its  unusual  habitat  in  brackish  or  marine  waters. 
To  the  systematist  because  of  its  somewhat  isolated  position 
among  the  palms  and  its  supposed  atUnity  with  the  Panda- 
nacete.  To  the  plaut-geograplier  and  the  geologist  because  of 
its  distribution  by  ocean  currents  and  the  extended  range  of  its 
closely  allied  ancestors  of  Eocene  times. 

The  genus  Nipahasbut  a  single  species  in  the  existing  flora, 
that  18  to  say,  it  is  monotypic,  and  monotypic  genera  liave  been 
found  to  have  an  exceedingly  interesting  and  instructive  geo- 
logical history  whenever  it  has  been  possible  to  decipher  the 
records  of  the  past  bearing  upon  that  history. 

The  modern  Nipa  plant  is  a  stemless  palm  with  a  graceful 
cluster  of  gigantic,  pinnately  compound  leaves,  sometimes  as 
much  as  twenty-five  feet  in  lengto,  rising  directly  above  the 
surface  of  the  water.  It  inhabits  the  tidal  waters  of  the 
Indian  ocean,  forming  brakes  or  thickets  on  the  low  swampy 
islands  of  the  Sunderbunds,  and  ranges  from  India  through 
the  Malay  archipelago  to  the  Philippines,  competing  with  the 
vanone  species  of  mangroves  for  possession  of  the  tidal  flats. 
The  female  inflorescence  consists  of  a  close  cluster  of  large 
obovate  ribbed  nuts,  forming  a  splierical  cluster  or  bead  that 
is  nine  or  ten  inches  in  diameter.  The  water  in  the  delta  uf 
the  Ganges  is  often  covered  with  these  floating  nuts  just  as 
were  the  deltas  around  the  Paris  basin  in  Eocene  times.  Hun- 
dreda  of  the  pyritized  nuts  of  Nipadites  are  found  in  the 
LondoB  clays  of  Sheppey,  which  represents  part  of  an  Eocene 
estuary.  As  long  ago  as  1757  Parsonsf  mentioned  these  Eng- 
lish fossil  fruits  and  they  were  well  figured  by  ParkinsonJ 
ID  1811,  wlio  compared  them  with  tlie-fniits  of  the  existing 
Cocos.  Similar  fossils  from  Belgium  were  described  and 
figured  by  Burling  under  ttie  name  of  Coco-nuts  in  1784. 
BronguiartU  in  1828  proposed  three  species  for  the  reception 

*  Pablish«d  with  the  permlMion  of  the  Director  of  the  U.  S.  Qeological 

t  PuvoDi,  An  acooant  of  some  toBBll  fmiU  and  other  bodies  fouod  in  the 

ialand  of  Sheppey,  Phil.  Trans.  Roy.  ijoc.  Lond..  vol.  1,  pt.  i,  p.  SUS,  IT57. 

t  Parkinson,  Organic  Remains  of  a  former  World,  London,  1811,  p.  448, 

!r  BartiD,  Oryctographie  deBruielleB,  p.  118,  pi,  30A,  1784. 
(Brongniart,  Prodrome  d'ane  Uistoire  des  Til-getaDz  fosailes,  pp.  121,  135, 
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of  these  fogsils — Cocos  Burtini  for  Bnrtin'a  Belgian  speci- 
mene,  Cocoa  Parkinsonis  for  ParkioBoo'e  EngliBli  Bpeciniene, 
and  a  tliird,  Cocoa  Faujaaii,  for  the  French  epecimens  described 
and  fifrnred  by  Fatijaa  in  tbe  first  volume  of  the  Annals  of  the 
Paris  Miisenm.  In  1837  Bronn*  eabstituted  the  fceneric  term 
Coc-ites  for  Brongniart's  term  Cocos, 

Meanwhile  Thnnbere  in  1782  had  given  a  somewhat  roe^re 
deEcription  of  the  existing  Nipa-palm,  This  preliminary  infor- 
mation was  much  amplitled  in  1S19  in  a  memoir  by  Billardiere 
publiehed  in  the  Paris  Museum  memoirs  and  devoted  entirely 
to  the  Nipa.  Hence  in  1840  when  Bowerbank  monographed 
the  fossil  fruits  and  seeds  from  the  famous  deposits  of  the 
Island  of  Sheppey,  he  was  familiar  with  the  modern  Nipa  and 
had  even  seen  specimens  of  its  fruits  that  had  been  brought  to 
England  by  travellers.  He  therefore  renamed  the  fossils  Nipa- 
dites  and  described  and  figured  no  less  than  thirteen  different 
species  from  the  deposits  of  the  old  Eocene  delta  represented 
by  tbe  London  clays.  These  were  based,  for  tbe  moat  part, 
on  variations  of  form  and  condition  of  preservation.  Modem 
authors  have  greatly  reduced  the  ranks  of  Bowerhank's  species, 
recognizing  that  the  variations  recorded  were  largely  dependent 
on  tbe  position  and  relative  development  of  the  individual 
fruits  in  the  inflorescence  or  head. 

In  1855  Maesalongot  found  similar  fossil  fruits  in  tlie  Ter- 
tiary of  tbe  province  of  Verona  in  northern  Italy.  He  did 
not  recognize  their  identity  with  the  English,  French  and 
Belgian  toseils  and  described  them  under  the  genus  Palseo- 
keura  whicb  be  referred  to  the  Pandanacese.  More  recently 
Schmalhausen^  has  described  Nipadites  fram  the  Spondylus 
zone  of  tbe  Eocene  at  Kiew  in  southern  Russia,  and  Bonnet§ 
has  described  a  gigantic  form  from  Giouchy  in  the  Mokatlara 
Mountains  east  of  Cairo  in  Egypt  (^tage  Lutetien). 

A  complete  bibliography  of  tlie  publications  devoted  to 
Nipadites  would  include  a  considerable  number  of  additional 
titles,  of  which  I  will  mention  but  two— one  a  very  satisfactory 
revision  of  the  fossil  forms  by  Rendle||  that  appeared  in  1893 
and  tbe  second  a  monograph  of  the  Belgian  forms  by  Seward 
and  Arber^  which  was  published  in  1903.     The  latter  authors 

*  Broun.  Lethaea  geognoatica,  vol.  i.  p.  B6I.  1737. 

f  MaMklongo,  Sopra  nn  UQovA  geucre  dl  PaudauM  foMili  della  Prorincia 
VeroDese. 

X  Sebmalbausen,  Pal.  Abhaadl.  Damee  and  ECavBar,  to).  1,  p.  13,  pi.  80  (8), 
figs.  2-6,  1884. 

^  Bonnet,  Bnll.  Mae.  d'HUt.  Nat.,  Pans,  1004,  pp.  4ee-'S03,  3  fige. 

I  Rendle,  Revieion  of  the  geDDB  Nipadites,  Bowerbank,  Jonrn.  Linn.  Soe. 
Lond..yoI.  III.  ISM. 

'i  Seward  and  Arber.  Lea  Nipadites  des  concheH  &>cbneB  de  la  Belgiqnfl. 
11^.  Uqb^  R07.  d'Hist.  nat.  Beige.,  ii,  1908. 
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unite  all  of  tlio  Belgian  forms,  which  accordiot;  to  Rutot 
raoge  from  the  ^ta;^  Pftnieelien  through  the  Bnixellien, 
LaeKenien  and  Wemtnelien,  iindGr  the  single  specific  name  of 
Nipadiiea  Burtini  Bi-ongniart  {1849,  p.  88), 

The  foregoing  is  a  brief  resume  of  the  previous  discoveries 
relating  to  Nipadites  all  of  which  have  been  confined  to 
Europe  and  Africa  until  the  present  time.  During  the  pa^t 
summer,  in  company  with  Dr.  E.  N,  Lowe,  State  Geologist  of 
MiBsissippi,  I  collected  fruits  of  Nipadites  from  a  foasilif- 
erons   ontcrop   of   clay   of   upper   Wilcox  age  exposed   near 


Flo.  1.  Sketch-map  showing  the  approximal*  diBtribntion  of  thu  Nipo- 
ptlai  (solid  black)  and  the  Eocene  occnmuces  of  Nipadites.  II):^Mi88tB- 
nppi,  (2)— London.  Beliiian  and  Paria  baein*,  (8)  =  »onthem  Francs  and 
northcTD  Italj,  (4)=Bonthcm  RnsBia,  (S)=northerD  ^ypt. 

Grenada  in  Grenada  County,  northern-centra!  Mississippi, 
Ever  since  1  commenced  working  on  the  Wilcox  flora,  several 
years  ago,  T  have  been  on  the  lookout  for  Nipaditee,  which  is 
anch  a  striking  element  in  the  Eocene  northward  extension  of 
tropical  florae  in  Europe.  Its  discovery  in  America  is  of  con- 
siderable importance  because  of  the  eertaintv  with  which  it 
testifies  to  the  physical  conditions  of  the  remote  period  when  it 
grew  along  the  shores  of  the  great  Mississippi  Eocene  Gulf. 
The  American  fmits  cannot  be  separated  from  those  of  Nipa- 
diUg  Burtini  Brongniart  to  which  they  are  referred  as  the 
variety  nmhonatua  of  Bowerbank. .  They  are  obovate  in  out- 
line with  a  narrowed  truncated  base  and  a  broadly  rounded 


Dcillizedoy  Google 


60       Berr-y — Nipa-palm  in  the  North  American  Eocene. 

umbilicate  apex,  and  range  from  5"°  to  8™  in  length  and  from 
3™  to  5™  in  maximum  width.  The  surface  is  more  or  leas 
fibrous  and  obscurely  anffled. 

The  discovery  of  Nipadites  in  the  Eocene  of  Mississippi 
serves  to  fix  more  definitely  the  age  of  the  Wilcox  Gronp  m . 
terms  of  European  chronology.  It  also  emphasizes  the  lagoon 
and  estuarine  character  of  the  Wilcox  deposits  of  the  upper 
Mississippi  Gulf  and  the  sub-tropical  character  of  the  strand 
flora  that  flourished  along  the  margin  of  the  low-lying  conti- 
neutal  lands  that  bordered  the  Gulf.  It  also  raises  an  interest- 
ing question  regarding  tho  path  of  migration  of  Xipadites. 
8ince  these  fruits  appear  to  be  found  in  older  deposits  abroad 
the  genus  is  very  liKely  of  oriental  ori^u.  It  could  have 
reached  the  Western  Hemisphere  by  two  routes.  The  fruits 
may  have  floated  across  the  Atlantic,  which  would  hardly  be 
possible  if  the  Atlantic  currents  of  the  Eocene  were  at  all  sim- 
ilar to  those  of  the  present  time.  If  there  was  more  or  less  of 
an  Atlantic  eqnalorial  laud-mass,  as  a  number  of  geologists 
have  advocated,  the  foregoing  migration  would  have  been  a 
simple  matter.  On  the  other liaud,  and  this  seems  to  me  to  be 
the  more  probable  hypothesis,  the  range  of  these  palms  may 
have  covered  a  large  part  of  Oceauica  during  the  late  Creta- 
ceous aud  early  Eocene,  and  they  may  have  been  carried  by 
ocean  currents  across  the  submerged  lands  of  what  is  now 
Central  America  and  into  the  Eocene  Mississippi  Gulf.  The 
accompanying  sketch-map  (tig.  I)  shows  in  a  generalized  but 

fraphic  way  the  range  of  the  existing  Kipa  and  the  early 
ertiary  occurrences  of  Nipadites. 
Johns  Hopkins  Dniverattf,  Baltimore. 
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Abt,  V. — A   Modification,  e>f  the  Usual  Method  of  Correct- 
ing  Silica  for  included  Salts;  bj  S.  B,  Kczirian. 

[CoDtribntioDa  from  the  Kent  Chemical  Laboratorj  of  Yale  Unlv, — ccliii.] 

"When  eilica,  liberated  by  the  action  of  hydrochloric  acid 
npon  the  product  of  fnsion  of  a  silicate  with  an  alkali  carbon- 
ate, ia  made  insolable  and  separated  by  tbe  usual  subsequent 
treatment, —  viz.,  evaporation,  desiccation  at  110°,  extraction 
with  dilute  hydrochloric  acid  and  water,  filtration,  and  repeated 
washine  with  distilled  water, — it  invariably  contains  foreign 
material  which  after  strong  ignition  cooeUta  essentially  of 
oxides,  free  or  combined  witli  the  silica.  If  the  silica  is  vola- 
tilized by  treatment  with  hydrofluoric  acid  and  sulphuric  acid, 
the  inclnded  material  is  composed  of  eulphates  wnich  remain 
86  each  or  are  changed  to  oxides  in  a  subsequent  ignition.  If 
the  constitoentB  of  this  residue  were  definite  aud  correctly 
determinable,  it  would  be  possible  to  calculate  the  weight  of 
the  oxides  as  they  exist  in  the  strongly  ignited  silica,  and  to 
make  tbe  proper  correction  ;  but  it  is  a  difficult  task  to  make  a 
correct  analyBiB  of  a  residue  which  sometimes  does  not  exceed 
two  to  three  milligrams  and  may  contain  iron,  aluminum,  man- 
ganese, titaninm,  magnesium,  sodium,  potassium,  etc.  In  order 
to  avoid  making  the  quantitative  analysis  of  this  small  residue 
of  sulphates  and  oxides,  it  has  been  an  approved  procedure  to 
blast  the  silica  to  constant  weight  and  then  to  assume  that  after 
tbe  prolonged  blast  ignition  the  impurities  are  left  in  the  form 
of  oxides.  Then,  after  the  removal  of  tbe  silica  with  sulphuric 
and  hydrofluoric  acids,  the  remaining  sulphate  residue  is  also 
blasted  to  constant  weight,  and  the  assumption  is  made  that 
this  latter  step  will  transform  the  sulphates  of  the  residues  into 
their  oxides.  The  weight  of  silica  is  then  found  by  difference. 
It  will  be  shown  in  the  following  account  of  experimental  work 
that  the  residue  obtained  after  treatment  of  the  blasted  siHca 
with  snlphuric  and  hydrofluoric  acids  and  blasting  does  not 
accurately  represent  the  amount  of  inclnded  material  as  it  is 
ordinarily  weighed  with  the  silica. 

In  the  presence  of  moisture  from  the  Bunsen  burner  or  the 
blast-lamp,  chlorides  are  slowly  decomposed  with  evolution  of 
hydrochloric  acid  and  the  simultaneous  formation  of  metallic 
oxides  or,  in  the  case  of  the  alkali  metals,  hydroxides,  which 
may  then  enter  into  combination  with  any  suitable  non-metallic 
oxide  with  which  they  are  in  contact.  Silica  containing  traces 
of  soluble  alkali  chlorides  may,  on  strong  ignition,  gradually 
ctimbine  with  the  metallic  oxides  formed,  as  has  been  shown  in 
a  previous  paper.*  The  assumption  that  the  impurity  in  the 
ailica,  contaminated  by  chlorides  when  it  is  separated,  con- 
sists after  the  ignition  exclusively  of  oxides  is,  therefore,  well 
founded. 

*Thii  Joomal,  iixvi,  598,  1918. 
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Alkali  sulphates,  on  tlie  other  Iiand,  do  not  yield  definite 
and  weigbable  oxides  on  ignition.  Moreover,  the;  msy  vola- 
tilize as  such  at  the  hu;h  temperature  of  tlie  blast-lamp.  The 
experiments  of  Table  1  show  that  the  presence  of  silica  does 
not  materially  chanfce  this  characteristic  of  alkali  enlphates, 
and  that  when  a  small  amount  of  an  alkali  chloride  is  added  in 
solution  to  ignited  silica,  and  the  mixture  evaporated  to  dry- 
ness and  treated  with  sulplinric  acid,  the  residue  left  after 
ignition  with  the  Bunsen  burner  is  essentially  the  neutral 
sulphate. 

Table  I. 
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That  elements  other  than  sodium  and  potassium,  present  orig- 
inallr  with  the  silica  as  chlorides  and  converted  to  sulphates 
by  the  action  of  sulphuric  acid  and  gentle  ignition,  may  be 
recovered  essentiallv  as  snlphates  after  treatment  with  Bulpunrie 
and  hydrofluoric  acids  and  gentle  ignition,  is  shown  in  Table  II. 
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A.B  is  well  known,  eulphates  other  than  alkali  sulphates,  lose 
the  acidic  oxide,  more  or  less  according  to  the  cooditions, 
when  snbmitted  to  ij^ition  with  the  blnst-lamp.  While  pro- 
longed blast-ignition  may  bring  about  a  complete  transforma- 
tion of  the  snlphates  of  iron,  aluminium,  chromium,  and 
titanium  to  the  respective  oxides,  tlie  refractory  alkali  sulphates, 
as  well  as  the  sulphates  of  magnesium,  calcium,  and  barium  in 
large  degree,  wilt  remain  in  the  condition  of  sulphates  (though 
the  alkali  eulpliatea  may  volatilize  appreciably),  and  the  correc- 
tion for  silica  as  ordinarily  applied  will  he  in  error  by  an 
amount  approximately  equal  to  that  of  the  sulphur  trioxide 
combined  in  the  sulphates. 

The  Bonrco  of  error,  inherent  in  the  usual  method  of  apply- 
ing corrections  to  the  ignited  silica,  may  be  largely  avoided  by 
the  introduction  of  a  slight  moditication  of  the  treatment. 
This  modification  consists  essentially  in  treating  the  ignited 
silica  with  sulphuric  acid,  gently  igniting  again  before  weigh- 
ing, and  in  igniting  under  exactly  the  same  conditions  the  sul- 
phate residues  left  after  the  removal  of  the  silica  in  the  usual 
way.  That  is  to  eay,  the  included  impurities  of  the  silica  must 
be  transformed  before  weighing  into  the  condition  in  which 
they  will  be  left  when  the  eilica  is  removed  by  sulphuric  acid 
and  hydrofluoric  acid.  This  can  be  accomplished  by  adding  a 
few  drops  of  dilute  sulphuric  acid  to  the  well  ignited  impure 
silica,  evaporating  the  excess  of  the  acid  slowly  over  a  radiator 
and  igniting  the  residue  by  means  of  a  Bunsen  burner,  before 
weighing  tue  residue.  Then,  after  the  removal  of  the  silica 
in  t£e  usual  manner,  the  sulphate  residue  left  is  ignited,  at  the 
same  temperature  and  for  the  same  duration  of  time  as  was 
the  silica,  and  then  weighed.  From  the  weight  of  the  silica 
plus  the  impurity  before  the  treatment  with  sulphnric  acid 
and  hydrofluoric  acids  and  that  of  the  residue  after  that  treat- 
ment the  weight  of  the  silica  is  found  by  diflerence. 

Table  III  contains  the  details  of  experiments  in  which  silica 
was  fused  with  six  times  its  weight  of  sodium  carbonate,  the 
melt  treated  with  hydrochloric  acid  ;  the  mixture  evaporated  ; 
the  residue  desiccated  (at  110°  (A)  or,  in  presence  of  acetic 
auhydride,  at  137"  (B)),  and  extracted  as  usual  with  hydro- 
chloric acid ;  the  precipitate  filtered  off  and  washed  ;  and  the 
filtrate  treated  again  like  the  original  solution  of  the  melt  for 
the  recovery  of  silica  soluble  in  the  former  operation.  The 
residues  {first,  second,  and  total)  and  tlie  error  which  result^ 
from  calling  these  residues  oxide  instead  of  sulphate  and  sub- 
tracting their  weight  from  that  of  the  ignited  silica,  according 
to  theusnal  method  of  making  the  correction,  are  shown. 
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00022 

+  00018 

0-5211 

0-0010 

00010 

0-iM)20 

+  0-0012 

0-54<0 

00010 

00012 

0-0022 

+  0-0013 

0-53S1 

0-0010 

0-0002 

00013 

+  0-0007 

0-5436 

0-0010 

00013 

00028 

+  0-0014 

De$iccalic 

B 

0-5520 

OOOIO 

0-0003 

0  0013 

+  0-O008 

0*5452 

00010 

0-0010 

0-0020 

+  00012 

0-5347 

0-0010 

0-0006 

0-0015 

+  0-0009 

0-5521 

o-ooio 

0-0005 

0-0015 

+  0-0009 

These  errors,  which  are  not  inappreciable,  were  found  when 
the  silica  was  separated,  as  well  as  possible,  from  sodium 
chloride  alone.  When  chlorides  of  other  elements,  such  as  mag- 
nesium, calcium,  and  aluminium,  are  present  the  silica  sepa- 
rated is  likely  to  be  also  contaminated  with  these  salts  which, 
by  the  ordinary  treatment,  will  be  transformed  to  oxides  when 
the  silica  is  ignited  and  to  sulphates  when  the  silica  is 
removed  ;  and  these  sulphates  will  be  more  or  less  refractory 
under  ignition,  according  to  their  natures  and  to  the  duration 
and  temperature  of  the  ignition.  The  errors  shown  above  for 
the  case  in  which  sodium  chloride  is  the  only  contaminating 
salt  are  likely  to  be  magnitied  in  the  analysis  of  ordinary  sili- 
cates of  coraplex  composition.  The  proposed  moditieation  of 
treatment  will,  tliereiore,  lead  to  a  more  accurate  application 
of  the  correction  for  impurities  included  in  the  silica.  In  this 
procedure  it  is  not  necessary  to  blast  either  the  silica  or  the 
residue  before  and  after  the  removal  of  silica  as  silicon  fluoride. 
The  Bunsen  burner  will  give  a  temperature  suflicicotly  high  to 
volatilize  the  excess  of  sulphuric  acid  and  to  break  up  the 
acidic  and  pyrosulphatesof  tne  alkali  elements.  The  inclnded 
salts  being  weighed  as  sulphates,  or  as  sulphates  broken  np  to 
practically  the  same  extent  in  both  ignitions,  the  correction  to 
be  applied  will  be  reasonably  accurate. 
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Abt.   VI. — Electrometry   with  the   Di^laeement  Interfer- 
ometer*; by  Carl  Bakus. 

1,  Introductory. — The  possibility  of  compensating  any  die- 
placement  of  the  mirror  i^  by  ft  correspond  inj;  displacement 
of  the  micrometer  M,  i.  e.  the  fact  that  the  ellipses  are  never 
lost  in  a  properly  adjusted  displacement  interferometer,  for 
any  anrioiint  of  motion  of  the  mirror  N,  however  sudden  it  may 
be,  suggests  the  nse  of  this  method  for  electrometry.  Some 
time  ago  I  madef  experiments  of  this  kind,  using  the  device  of 
the  absolute  electrometer  for  the  purpose.  A  mirror  was 
attached  to  the  disk  and  the  force  of  restitution  obtained  from 
a  pendulum  suspension  for  parallel  motion.  It  appeared  that 
tJie  apparatus  is  very  insensitive  for  small  potentials,  even  with 
the  use  of  the  interferometer. 

A  cylindric  or  lamellar  form,  such  as  is  usually  referred  to 
in  constructing  the  theory  of  the  instrument,  seemed  to  be 
specially  available;  bat  the  sensitiveness  here  also,  if  torsioa 

? stems  are  excluded,  is  unexpectedly  small,  unless  (as  in 
homson's  original  apparatus)  e.tcessive  charges  are  given  to 
the  needle,  a  procedure  which  introduces  its  own  difficulties. 
Nevertheless  I  constructed  the  a]>paratae  in  a  variety  of  forms, 
each  of  which  will  be  described,  in  turn,  in  order  to  ascertain 
in  how  far  the  sensitiveness,  which  may  be  estimated  from 
theory,  may  be  actually  realized  in  practice;  i.  e.,  to  actually 
confront  the  instrumental  difficulties  of  the  problem,  with  a 
view  to  the  use  of  the  method  in  absolute  measurements  of  - 
potential. 

2.  Cylindric  electrometer.  Movable  cylinder  without. — 
Figs.  1  and  2,  both  sectional  elevations,  show  the  first  form  of 
electrometer  in  which  the  movable  cylinder  (usually  highly 
chaig^ed)  is  external  to  the  fixed  cylinders  h  and  t  carrying 
opposite  charges.  The  latter  are  supported  on  hard  rubber 
pillars,  u  and  v,  rising  from  the  adjnstable  feet  q,  of  which  r 
and  g  are  the  leveling  screws  and  the  set  screw.  The  whole 
arises  from  a  narrow  base  of  brass  plate  AA.  On  this  base 
the  braced  scaffolding  of  very  thin  brass  pipe  efg  is  also 
mounted,  grasped  above  by  the  light  cross  rod  a.  This  makes 
a  light  but  very  firm  support  for  the  two  parallel  horizontal 
rods  of  hard  rubber  cc,  secured  at  b  and  carrying  the  revolv- 
able  brass  rollers  or  reels  aa  snugly.  From  aa  tne  threads  of 
very  thin  copper  wires  yy  '007™  in  diameter  depend,  their 
lowest  point  being  attached  to  tlie  cylinder  kk,  making  of  it  a 
pendulum.     To  obviate  torsional  vibration  the  wires  yy  con- 

*Abridg«d  from  k  Report  to  the  Carnegie  Iiutitaiioii,  WasbingtoD,  D.  C. 
tPbrncal  Revlen,  iv.  p.  400,  1697. 
Am.  Jouk.  Sci.— ForRTH  Serub,  Vol.  XXXVU,  No.  217.— January,  1914. 
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verge  on  their  front  elevation  from  aa  to  the  top  tt  of  the 
eyiinder,  while  in  their  side  elevation  they  are  rigorouBly 
parallel  and  equally  loDf(.  They  may  he  lengthened  or  short> 
ened  by  tnrning  the  close  fitting  rollers  aa,  so  that  the  cylin- 
der Idc  may  he  placed  accurately  concentric  to  the  cylinden 
ih.  The  latter  may  he  mounted  with  a  cylinder  of  wood 
passed  quite  through  them,  which  is  withdrawn  after  they  are 


Via.  1.     Cjlindrioal  electrometer,  vertical  seatiou.     Front 


fastened.  The  clamp  screws  U  and  those  at  the  end  of  a  are 
convenient  for  charging,  the  wires  passing  ont  of  the  light  tin 
plate  cover  GCDD  througli  hard  ruhher  cylinders  at  Z.  The 
top  DD  may  be  lifted  off.  When  there  is  no  danger  of 
induction,  DD  may  be  removed.  The  ellipsee  of  the  inter- 
ferometer, in  a  room  free  from  draft,  are  quite  adequately 
Btationary  even  without  DD,  a  surprising  result. 
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The  cylincter  kk  is  either  of  very  tbio  aluminnm  tubing,  or 

EreferabV  of  gilt  paper.  The  wires  yy  pass  through  small 
oles  at  tne  top  ends.  To  secure  adequate  damping,  thin  cir- 
enlar  rings  of  mica  or  of  paper,  BB,  surround  the  ends,  and 
the  front  one  carries  the  light  mirror  mj,  which  reflects  one  of 


e4     "^i  .:A 
Fio.  S.    Cjlindrical  electmineteT,  Tertical  section.    Side  view. 

the  component  beams  of  the  interferometer,  as  indicated  4t  the 
glass  window  p.  If  Hqaid  damping  is  desired,  in  the  case  of 
a  heavy  cylinder,  wires  ending  in  a  vane  may  be  dropped  from 
one  of  these  disks  with  the  vane  in  a  box  of  oil  below.     Thig 
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wae  tried  without  apparent  disadvantage,  but  a  light  paper 
cylinder  and  air  damping  is  of  course  preferable,  being  far 
more  senBitive.  The  mica  B  ehonid  be  somewhat  adjustable 
so  that  the  beam^  may  be  given  the  proper  direction,  roughly. 
The  methods  for  doing  this  will  be  described  below. 

The  whole  apparatus,  covered  at  least  as  far  as  C,  was  then 
mounted  on  one  arm  of  the  interferometer  by  the  aid  of  a  large 
clamp  of  the  ordinarv  pattern,  the  clamp  having  been  screwed 
into  the  base  ^  at  ^  As  the  arm  is  of  gas  pipe,  ^is  an  ordi- 
nary nipple  of  suitable  length.  It  is  advisable  to  further  anp- 
port  the  tin  case  with  wood  uprights  from  the  table  to  avoid 
the  effect  of  tremors  due  to  the  vicinity  of  an  active  labora- 
tory; but  no  great  difficulty  was  here  encountered.  In  fact, 
the  ellipses  of  the  interferometer  were  obtained  in  all  cases 
after  a  preliminary  rough  adjustment  of  the  mirrors  with  sur- 
prising eaae,  and  they  were  quite  as  stable  and  available  for 
measurement  as  if  the  mirrors  had  been  rigidly  fixed.  Natu- 
rally this  was  quite  contrary  to  onr  anticipations,  but  it  is 
shown  by  the  large  number  of  experiments  made,  eacli  of 
which  required  a  new  adjustment. 

The  measurement  consists  merely  in  a  compensation  of  the 
displacement  of  the  movable  mirror  on  the  electrometer,  by 
the  micrometric  displacement  AN  of  the  mirror  belonging  to 
the  other  component  beam.  The  center  of  the  displaced 
ellipses  in  the  field  of  the  telescope  is  thus  brought  back  to  the 
fiducial  sodium  line.  The  compensation  admits  of  an  accu- 
racy of  about  AN  =  '0001  centimeter  without  resorting  to  the 
interference  rings.  Other  remarks  on  the  optical  method  are 
given  in  the  next  paragraph. 

3.  Cylindrical  electrometer;  movable  cylinder  within.  Inter- 
ferometry.— The  frame-work  and  the  mounting  here  is  in 
general  the  same  as  in  the  preceding  case  and  the  movable 
cylinder  kk  is  the  same,  but  differently  suspended.  Details 
must  be  omitted  here  and  other  forms  of  the  instrnment  (disk 
pattern,  closed  field  pattern)  will  be  described  below. 

The  general  treatment  of  the  displacement  interferometer 
has  been  given  in  my  earlier  papers.  The  field  of  the  telescope 
after  the  appropriate  two  (of  the  four)  undeviated  images  of 
the  slit,  from  front  and  rear  of  the  grating  plate,  have  been 
pnt  into  coincidence  horizontally  and  vertically  (the  images 
being  usually  bluish  and  yellowish),  contains  but  three  super- 
posed spectra,  altiiongh  there  are  four  white  images,  two  from 
the  front  and  two  from  the  rear  of  the  plate.  For  the  compo- 
nent beam  reflected  from  the  rear  face  of  the  grating  is  not 
diffracted.  It  is  thus  advantageous  to  eliminate  tne  third  spec- 
trum also,  and  to  keep  only  the  two  which  are  superimposed 
for  interference  in  the  field.  This  may  be  easily  done  as  fol- 
lows:  the  two  component  beams  reflected  from  the  mirror 
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facine  the  ruled  side  of  the  grating  plate  nsaally  appear  as  sep- 
arsted  images  on  the  mirror,  about  1/8  inch  apart,  and  the 
one  jellowuh  in  color  may  be  blotted  out  by  a  email  screen 
near  the  mirror.  As  a  result  of  this  the  stationary  interfer- 
ences which  are  due  to  the  two  beams  from  the  same  mirror 
also  vanish.  The  spectrum  is  now  clear  and  contains  only  the 
interfering  enperpositions,  giving  the  ellipses  their  maximum 
definition. 

In  other  respects  the  monnting  on  the  interferometer  is  the 
same  as  before,  and  very  little  difficuky  was  experienced  in 
obtaining  the  ellipses,  "fhe  top  of  the  case  DJ),  here  neceesa- 
rily  a  square  box,  may  usually  be  removed  without  disadvan- 
tage. If  liquid  damping  is  necessary  in  case  of  a  heavy 
cylinder  kk,  the  wire  with  vane  may  be  dropped  into  a  vessel 
of  oil  from  the  rear  end  of  tt,  the  front  carrying  the  mirror. 

The  neual  method  of  connecting  was  usea  for  potential 
measurements,  one  pole  of  the  experimental  cells  being  alter- 
nately earthed  aa  well  as  one  pole  of  the  charging  battery.  A 
Mascart  key  was  found  very  useful.  When  the  needle  swings 
to  and  fro  the  ellipses  are  visible  at  the  extreme  elongations  of 
the  deflection  (if  not  too  large)  of  the  vibrating  cylinder.  They 
flash  into  the  field  of  the  telescope  at  the  two  ends  of  it,  but 
are  invisible  between.  The  distance  apart  of  the  positions  of 
visibility  gradually  diminishes  until  they  coincide  and  the  cyl- 
inder is  stationary.  If  the  ellipses  are  clear,  slight  motion  does 
not  interfere  with  the  measurements,  as  the  mean  position  is 
readily  determinable  in  the  displacement  method.  This  would 
not,  however,  be  the  case  had  the  evanescence  of  rings  been 
made  the  basis  of  measurement. 

4.  ICquations.  Cylindrical  electrometer.  —  The  equations 
may  be  found  in  the  usual  manner,  and  as  so  little  of  the  field 
is  aisplacfld  during  deflection  they  apply  with  acceptable  accu- 
racy. Virtually  a  small  cylindrical  shell  of  uniform  field  is 
supposed  to  disappear  on  one  side  to  reappear  on  the  other. 
Beoce,  let  F„  v„  and  F,  be  the  potentials  of  the  two  fixed 
and  a  movable  cylinder  (needle)  respectively.  Let  y„  denote 
the  electric  force  between  cylinders  (2)  and  (1),  and  f„  the 


force  between  cylinders  (3)  and  (1),  and  R  the  common  radius 
of  the  fixed  cylinders,  r  that  of  the  movable  cylinder.  Hence, 
if  H—r  is  small. 

If  the  displacement  of  the  cylinder  is  dx  the  changes  of  poten- 
tial energy  on  the  two  sides  are 
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and  hence  the  force  acting  in  the  direction  x  if  W=  W^^  + 
W„  ie  after  reduction 

^=ilP^r{^--'^)  (sI",-(F,+  F,)) 

Od  the  other  band,  the  restoring  force  is  for  Bmall  displace- 
ments 

X=Mgdx/l 

where  M  is  the  mass  of  the  cylinder,  I  the  len^^th  of  the  pendn- 
Inm  enepenBion ;  whence  if  c^x  =  A  N,  in  electrostatic  units, 

which  is  the  required  equation.    Since,  if  t  is  tlie  thickness,  £ 
the  length,  and  p  the  density  of  the  movable  cylinder, 

the  appurtenances,  like  mirror,  etc.,  being  disregarded.    A 
dven   deflection    kN  will    therefore   correspond    to  smaller 
F ,  —  F,  as  H—r,  Z,  (,  are  smaller  and  I  and  V  are  lai^r. 
If  the  instrument  is  nsed  Idiostatically  (electrostatic  units). 


(-.-.)■  =  ' 


l(R^r) 


If  one  pole  of  the  cell  F,  —  F  is  earthed,  F,  = 
deflections  on  commutation  are  ^N  and  —  A  N', 

.-     /       V  *  ^9  (R-r)  A  iV+  A  if '  .  8  IT  £(  p  (R-r) 


A  JV+AiV' 


F,/(l  +  JE/r) 


'Oils. 


If  the  cylinder  F,  is  made  of  paper,  the  following  dimensions 
seemtol>e  reasonably  convenient  limits,  so  that  for  Air  =  -0001 
centimeter,  Z  =  5cm.,  t  =  -2  cm.,/)  =  1 ;  ^  =  100  cm.,  F,=«800 
yolts,  whence 

F,  =  3-8  X  10-'  volts, 

or  about  10~*  volts  per  ring. 

One  should  thus  be  able  to  measure  voltages  even  within 
4  X  10-*;  hut  on' trial  the  actual  limits  fall  much  within  this. 
The  use  of  wide  apparatus  lias  the  advantage  only  of  dimin- 
ieliing  the  effect  of  appurtenances  like  the  mirror,  etc.  In  the 
practical  work  below,  however,  these  Umits  conld  not  be 
readied  for  reasons  which  will  appear. 
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The  idioststic  method  under  the  same  circnmetaneee,  ^N  = 
-0001  ceDtimeter,  ehontd  jnet  measnre 
V,  =  -6  Tolt, 
eo  that  alternatiae  cnrrents  mtich  within  1  volt  will  apparently 
be  measurable.  This  method  is  naturally  macb  lees  fieasitiva 
than  the  other,  but  its  absolute  character  and  ite  adaptation  to 
alternating  currents  are  of  interest.  The  eensttiTeness  of  the 
tdioBtatic  electrometer  as  here  designed,  and  in  the  above  case 
of  the  absolute  electrometer,  wonld  thns  appear  to  have  the 
same  practical  limit.  In  the  way  of  absolute  measurement, 
nothine  has  been  gained. 

5.  Jne  Same.  Disk  electrometer.  In  this  case  a  charged 
disk  with  a  guard  ring  (the  apparatne  to  be  described  hereafter, ' 
figs.  5  and  6)  at  potential  V,  is  suspended  bifilarly,  as  above, 
between  the  two  concentric  parallel  disks  of  the  condenser,  at 
potentials  V,  and  T,.  The  adjustment  may  he  regarded  as 
the  extreme  case  of  the  cylinder  electrometer  with  closed  ends 
and  the  equations  will  be,  necessarily,  nearly  the  same.  Let  d 
be  the  distance  apart  of  the  plates  of  potential  V,  and  F„  D 
the  distance  between  the  plates  of  potential  F,  and  V„  r  the 
radius  of  the  movable  disE.  The  total  energy  IT  of  the  vari- 
able system  is  then,  after  reduction 


W-. 


^  ;(f:-f;)-  (F-F.)'] 

'■^w\        d       ■*"     D-d     \ 


and  the  corresponding  mechanical  force 

■»-*■'/  ^.-^^.    ^zlTA  /  YinZ^    ^zlZA 

^- %\^^^^~T~)  \  Ji}-d~      d      ) 
which  depends  essentially  on  <2  as  well  as  on  D. 

Let  the  disk  be  in  the  middle,  or  Id  =  D,  and  put 
X=  Mg^N/l  as  above,  where  M  is  now  the  mass  of  the  disk 
and  appnrte nances,  i^N  the  interferometer  displacement,  I  the 
length  of  the  bifilar  pendulum,  and  g  the  acceleration  of  grav- 
ity.    Then 

Let  F,  =>  0  and  M  =  vr'/p,  t  being  the  thickness  and  p  the 
density  of  the  disk,  the  latter  being  sufficiently  large  so  that 
the  appurtenances  may  be  ignored.  Tlien  on  commutation 
and  in  electrostatie  unite,  Aiv  being  the  mean  displacement, 

Ma  ly  vtoa  D* 

F,=  -^j;j  i  N=  —^y  4  If. 

which  (for  a  sufficiently  large  disk)  is  independent  of  its  area. 
To  estimate  the  limiting  sensitiveness  the  following  appar- 
ently reasonable  vaUies  may  be  inserted 
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'r,=ieU.,i=05cm.,  p=],  7)=-lcm.,  i  J\^=10-'  cm., /=  10* cm. 
Whence 

F,=  1-4  X  10-'  volts. 

The  limitiDfir  BensitiTenees  b  thus  of  the  same  order  as  in  the 
cylindrical  case  for  the  sanie  F„  as  might  liave  been  antici- 
pated. It  is  probable,  however,  that  the  present  conditiong 
may  be  more  nearly  realized  in  practice,  ae  the  apparatus  is 
eBsentially  simpler. 

If  y^^  y^=^,  the  idiostatic  case  is  identical  with  the 
absolute  electrometer. 

6.  The  closed  field  electrometer  (disk'  and  cylinder  com- 
hined).  If  the  two  cases  of  the  precedine:  paragraphs  be  com- 
bined, with  the  symbols  of  potential  and  distance  the  same  ae 
before,  the  energy  of  the  system  is,  in  electrostatic  unite. 


and  lience  the  forces  become 
If  F.  =  0, 


^  AMgi^N 


after  commutation,  where  I  is  the  length  of  the  cylinder.  The 
seneitireness  of  this  apparatus  depends  very  largely  on  d,  that 
is  upon  the  disk,  in  any  practical  case;  but  it  should  be  more 
nearly  absolute.    Experiincnts  were  not  made. 

7.  Corrections.  The  most  important  consideration  to  be 
made  here  is  the  effect  attributable  to  the  want  of  symmetry 
in  the  orientation  of  the  disk  or  movable  charge,  supposing  the 
latter  and  the  plates  are  quite  parallel.  Let  k  be  the  axial  dis- 
tance of  the  uncharged  disk  from  the  plane  midway  between 
the  condenser  plates  (guard  ring).  In  such  a  case,  if  the  elec- 
tric displacement  is  ^N,  the  quantity  A  =  A;  +AN  must  be 
added  on  one  side  and  subtracted  on  the  other,  so  that 
d  *=  D/2  +  A,  rf'  =  D/2  -  A  Thus  the  displacing  force  is, 
after  reduction, 

rvr.-F,    v.-r,\  (XrzZi    'ViZA 

which  may  be  further  reduced. 

If  DOtbing  is  neglected,  and  under  the  assumption  of  a  noi- 
form  field,  for  a  positive  chai^.  V,  corresponding  to  a  dis- 
placement AiV"  with   F,  =  0  ;  and  for  a  negative  charge,  —  F^ 
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correaponding  to  ft  displacement  —A  A"',  the  mean  of  the  equa- 
tiooe,  A^  =  i(4iV"  +  ^N"\  after  reduction  becomes 
Mffi^y  ^  (1+2  A /Z>)' 
/  »•• 

the  corrected  equation  required,  reducing  to  the  above  case 
when  A  =  0.  The  correction  factor  is  Urns  1/F=  (1  +  2a/i>)' 
and  was  computed  in  an  auxiliary  table. 

It  is  now  easy  to  discuse  the  conditions  of  equilibrium,  for 
the  forces  ^  are  given  by  the  equations  (second  member 
referring  to  the  pendulum  and  third  member  to  the  electrical 
forces) 

JL-      I    -y.y,  jf.  (1+2  i/2/)' 

Hence,  if  AiV  =  d,  i  »  0,  the  condition  under  which  the  disk 
just  moves,  without  interruption,  from  the  guard  ring  to  the 
condenser  plates,  i.  «,,  the  limiting  value  of  the  potential 
products,  (  V,  V,)  for  stable  positions  of  the  disk,  since 

are  (in  electrostatic  units) 


(ry^  \^¥3  i>'_(l+2_4/D)' 


Assuming  V,  =  250  volts,  the  forces  X  for  the  pendulum  and 
the  electric  field  were  also  computed. 

If  now,  we  insert  the  value  of  Y,  from  the  above  equation 
and  reduce 

—6  4/-0=l  or  -A=D/6 
Hence  the  value  of  Y,  which  corresponds  to  tangency  is 

or  V,  =  145  volts,  above  which  charge  the  disk  passes  contin- 
Qonsly  from  gnard  ring  to  plate. 

If  the  suspension  is  provided  with  a  horizontal  micrometer 
by  which  it  can  be  shifted  as  a  whole  from  k  to  k'  taking  the 
needle  with  it,  k  may  be  eliminated.  But  the  expression  is 
not  simple. 

The  idiostatic  method  needs  a  corresponding  correction,  and 
if  A*  is  neglected  in  comparison  with  i). 


2  Mg  ly 


^N=v;  (1+4 


V-o) 


As  the  new  factor  is  practically  Je  or  constant,  V*  is  linear 
with  ^N.     If,  as  above  indicated,  the  suspension  is  provided 
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with  a  borizODtal  micrometer  hy  which  it  can  be  ehifted  a£  a 
whole  from  kto  k'  taking  the  needle  with  it,  k  may  be  eltmi* 
Dated. 

The  eqaatioD  may  be  written  in  terms  of  the  two  forces  X 
{gravitational  and  electric) 

v-'^  *^-*  *•'  TT.    yp  _  _  it:'  •:*  p. 

A  table  was  computed  for  F'  and  the  two  forces  Xmaj  be 
foniid  at  once.  Again,  the  condition  may  be  practicallr  stated, 
inaemuch  as  the  values  rfX/rfA  may  be  easily  derived.  They 
are  for  the  pendnlum  Mg/l  and  for  the  electric  field 

rfA'_^r,V|  14-12  t^V-P' 

Equating  them,  we  derive  the  voltage  of  transition  to  be  char- 
acterized by  (  F",),  as 

since  A  =  0  at  the  origin.  Hence  above  { T,)  the  disk  would 
move  on  any  slight  disturbance  without  interruption  from  the 
guard  ring,  A  =  0,  to  either  plate  of  the  condenser  ;  but  within 
( F^)  the  apparatus  is  available  for  accurate  measurement  of 
F„  if  i  is  equal  to  zero  by  trial, 

8.  ^perimenia.  Cylindrical  electrometer  ;  movctble  cylin- 
der within. — Tests  of  the  apparatus  described  were  begun 
by  using  a  rather  heavy  cylinder  of  aluminum,  damped  with  a 
vane  siibmei'ged  in  a  cup  of  oil.  The  cylinder  itself  weighed 
but  6'546  grams;  but  air  damping  waa  quite  inadequate, 
tbongh  the  cylinder  might  easily  have  been  etched  to  a  more 
appropriate  degree  of  thinness  in  acid. 

It  is  therefore  necessary  to  make  use  of  paper  cylinders,  even 
if  the  possibility  of  securing  more  nearly  accurate  values  of 
the  diameter  of  cylinder  is  the  advantage  of  the  metallic 
appurtenance. 

No  trouble  was  encountered  in  using  a  light  plane  mirror 
about  1/1  inch  in  diameter,  with  axes  for  adjustment  in  a  bit 
of  cork.  To  sharpen  the  ellipses  the  (yellow)  image  at  the 
movable  mirror  should  be  screened  off,  leaving  the  blue  image 
and  but  two  superposed  spectra. 

Light  gilt  paper  cylinders,  weighing  with  mirror,  etc.,  only 
about  a  gram,  were  therefore  installed.  An  example  (Table  1 
and  tig.  3  a  and  b)  of  the  many  results  obtained  can  only  be 
given  here,  M  being  the  mass  and  r  the  radius  of  the  movable 
cylinder,  and  Ji  the  radius  of  the  fixed  cylinder. 
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Tabu  I. 
Cylindrical  electrometer ;  movable  cylinder  withiD. 


I.—M  =  1-106  a.\  R=  207  < 
r  =  v.  =  0. 


=  1-7  cm.  J  /=  21  ( 


■25 
•SO 


43 


41 


112  80  61 

1-87  77  81 

II.— M=  1-189  g.  ;-R=  207  cm. ;  r  =  1-90  cm. ;  I 
r,  =  0  ;   V^=  250  volts. 

W^N  V,  Voltmeter 

1-74 
2-17 

331  11-6  11-6 

4-63 
6-85 
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Flo.  3.    EleotTometeT  data  compsTed  with  HCloal  voHftgee. 

The  obBcrvations  with  the  needle  charj^ed  at  250  volts  show 
the  niaximnm  sensitiveneeB  obtained  with  short  BoBpensions. 
These  results  and  those  by  the  idiostatic  method  are  quite 
satisfactory  and  the  differencee  are  more  liable  to  be  sought 
for  in  the  voltmeter  with  which  the  comparison  was  made 
than  in  the  electrometer.  It  indicates  the  sufficiency  of  the 
equation  assumed,  apart  from  correction  for  the  end  of  the 
cylinder,  so  that  the  latter  cannot  be  menacing. 

In  addition  to  these  experiments,  a  long  suspension  (^  =  150 
centimeters)  in  which  the  Eensitivenese  would  have  been 
increased  7  times  or  equivalent  to  5X10^  centimeter  per  volt 
or  -006  volt  per  vanishing  ring  was  installed.  The  ellipses 
were  easily  fonnd  but  they  were  continually  in  motion,  owing 
to  the  friction  of  air  currents  moving  across  the  wires.  To 
make  the  adjustment  available  it  would  have  been  necessary 
to  bnild  a  cloBed  case  around  the  bifilar  suspension  over  L-& 
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meters  in  height.     It  was  not  thought  worth  vhile  to  do  thif, 
and  further  experiment*  were  abandoned. 

9.  Cylindrical  electrometer ;  movable  cylinder  within. 
5«f»7««ry.— The  above  experiments  were  made  in  the  midst 
of  the  tarmoil  of  a  large  city  and  near  the  engineering  labora- 
tories of  a  Universitv.  It  is  rather  remarkable,  therefore,  that 
the  ellipees  were  so  easily  found  throughout  and  so  easily 
made  use  of ;  but  it  was  quite  out  of  question  to  use  the  era- 
nescence  of  rings  by  which  the  sensitiveness  could  have  been 
increased  over  twenty  fold.  Though  the  work  was  carefully 
done,  it  is  intended  merely  to  exhibit  the  general  character  of 
the  method,  inasmnch  as  the  storage  battery  which  was  drawn 
upon  was  unavoidably  in  use  elsewhere  in  the  laboratory  and 
the  potential  may  have  fluctuated. 

The  design  of  the  apparatus  with  a  movable  inside  cylinder 
is  probably  the  least  interesting  of  those  used.  Thus  it  is 
difficult  to  keep  a  paper  cylinder  quite  smooth  or  to  give  it  a 
rigorous  cylindrical  shape  and  the  correction  for  the  ends  can 
scarcely  be  estimated.  For  high  charges  any  asymmetry  of 
the  movable  cylinder  is  liable  to  place  it  in  contact  with  the 
-  fixed  cylinders.  Thus  there  is  a  limit  of  sensitiveness  from  a 
purely  instrumental  point  of  view,  not  contemplated  in  theory. 
In  the  above  experiments  with  short  snspension  (21  centimeters) 
■7x10"*  centimeter  per  volt  was  the  largest  double  displace- 
ment practically  obtained,  which  would  mean  about  'Ol  volt 
per  vanishing  nng.  With  the  long  suspension  -006  volt  per 
ring  may  be  estimated.     It  is  far  short  of  the  theoretical  datum 

10.  Cylindrical  electrometer  ;  movable  cylinder  without. — 
After  a  few  preliminary  experiments  with  the  metal  cylinder 
of  aluminum,  the  gilt  paper  cylinder  was  tried  and  was  at  once 
successful.  The  mirror  was  attached  to  the  paper  wing  needed 
for  damping  by  the  aid  of  a  bent  piece  of  thin  steel  wire, 
cemented  on  so  as  to  give  a  horizontal  axis  on  passing  through 
the  perforation  of  the  bit  of  cork  holding  the  mirror.  For  a 
vertical  axis  the  whole  apparatus  is  rotated  (cf.  figs.  1  and  2). 
The  results  are  given  iu  Table  2  and  tig.  4a. 

Table  II. 
Cyliudrical  electrometer  ;  movable  cylinder  (gilt  paper)  without. 


I.—M=20-5 

8-1 

;  Ji=  1-75 

cm. 

;  r=l-69 

cm.  ;  /  = 

V,  =  260  volts. 

Dram 

ICiitf 

r. 

Toltmetei 

11-2 

2-79 

18-7 

18 

22-9 

5-72 

.38-2 

38 

35-3 

8-83 

08-1 

56 

27-6 

6-90 

461 

48 
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T.—M=  1-0930  gramf". 
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Fig,  4.     Electrometer  data  compared  with  actual  voltages. 

The  differences  in  thie  table  are  more  liable  to  be  of  the 
voltmeter  than  of  the  electrometer.  The  needle  easily  carried 
■  potential  of  F,  =  250  volu.  With  F;=100  volts,  the 
needle  became  asymmetric  and  observations  conid  no  looser  be 
taken.  The  sensitiveness  is  about  -0003  centimeter  of  double 
displacement  per  volt  for  the  short  suspension,  so  that  -1  volt 
per  ring  is  the  equivalent  datum.  The  present  form  is  thus 
easily  made  as  sensitive  as  the  preceding  form,  besides  being 
mnch  simpler  in  general  design  and  installation. 

The  experiment  was  n'ow  pushed  a  step  further  in  the  direc- 
tion of  sensitiveness  by  using  an  even  lighter  paper  cylinder 
with  paper  wings,  the  needle  having  the  constants  given  in  the 
eecond  series  of  Table  2  and  fig.  45-  The  sensitiveness  is  now 
about  -0006  eeotimeter  of  double  displacement  per  volt,  twice 
that  of  the  preceding  case  as  it  should  he.  This  apparatus  did 
not,  however,  behave  as  satisfactorily  as  the  other,  there  being 
greater  tendency  of  the  movable  cylinder  to  cling  to  the  stable 
parts,  whenever  V,  was  high.  In  case  of  smaller  potentials  or 
of  the  idiostatic  method  there  would  be  no  difficulty  in  thie 
respect.  No  donbt,  if  greater  time  and  patience  were  spent  on 
the  work  (a  cylinder  of  celluloid  suggests  itself)  the  final  result 
conld  be  somewhat  improved ;  bnt  the  limit  found  (6x10"*  ceu- 
timeter  or  20  rings  per  volt)  will  not  easily  be  exceeded  in 
practice. 

11.  Disk  eteeirometer.  Apparatus  and  experiments. — The 
disk  electrometer  deserves  special  attention  because  it  is 
simpler  in  design  and  practically  more  sensitive  than  the 
cylinder  types.  At  the  same  time,  however,  it  is  more  treach- 
erous and  without  special  precautions  there  is  danger  of  short- 
circuiting  the  highly  charged  disk,  while  the  sensitiveness  is 
enormously  variable  in  response  to  any  unsynimetrical  position 
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of  the  disk.  The  instrumeDt  used  is  sIiowd  in  figs.  5  and  6,  in 
sectional  side  and  front  elevation.  V,  is  the  cliarged  disk  on 
the  bifilar  suspension  of  very  thin  copper  wire  wy',  -007 
centimeter  in  diameter.  The  disk  is  made  of  thin  mica, 
fiilver-plated,  carried  by  the  horizontal  axial  steel  rod  dd,  and 
surrounded  b.v  the  euard  rin  ji;  of  very  thin  copper  V,'.  Parallel 
to  the  disk  and  equidistant  {d)  from  it  are  the  plates  V,  and  V, 
of  the  condenser  at  a  distance  J}  apart,  bo  that  D  is  tvice  d. 
The  plate  F",  ia  earthed  and  firmly  held  on  the  arm  of  the  inter- 
ferometer.   The  plates  V,  and  V,  are  spaced  at  three  points 

Fid.  5.  Flo.  8. 


ea^Bt 


d     X 


|{    d 


by  hard  rubber  gaskets,  cc,  throngfa  the  holes  of  which  hard 
rubber  screws  are  passed,  uie  plates  being  ultimately  secured 
by  nuts  a,  a',  and  a",  on  the  outside  of  the  plates.  The  nuts  a 
terminate  in  clamp  screws.  The  guard  ring  V,'  and  the 
Buepension  wiros  yy^  are  in  metallic  connection  at  the  tops  of 
the  Buspension,  the  latter  being  the  same  already  shown  in 
figs.  1  and  2.  The  small  mirror,  m,  is  attached  to  a  small  plate 
of  cork,  n,  which  ia  slotted  parallel  to  the  rod  dd,  the  latter 
being  clutched  by  the  jaws  of  cork  which  make  up  the  udes 
of  the  slot.  In  this  way  m  may  be  rotated  around  a  horizootal 
axis,  while  the  apparatus  as  a  whole  may  be  revolved  about  a 
vertical  axis. 

If  the  grating  is  capable  of  being  raised  or  lowered,  it  is  not 
difficult  to  adiust  the  apparatus  and  find  the  ellipses.  The 
damping  of  the  disk  is  naturally  good,  though  it  may  be 
improved  by  surrounding  it  with  tlie  case  shown  in  fig.  1. 
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12.  Ex^riments  with  the  dish  electrometer. — The  experi- 
tnente  were  b^;uii  with  btit  a  email  distance,  I>,  between  the 
plates  of  the  electrometer.  In  snch  a  case  the  disk  can  not  carry 
very  high  potential  before  it  is  drawn  across  to  the  condenser 
plates  fand  short  circuited.  In  fact,  though  the  mica  disks 
may  be  made  Tery  light,  the  annoyance  of  short-circniting  is 
correspondingly  increased  and  the  great  advBntage  of  sensitive- 
nees  cannot  for  this  reason  be  realized  nnless  the  idiostatic 
method  is  used. 

The  disk  was  charged  with  the  storage  battery  to  101  volts 
and  a  number  of  small  potentials  measured  at  the  plates.  The 
compnted  and  uncorrected  results  were  about  3  times  as  large 
ae  the  true  voltages.  The  sensitiveneBS  is  here  surprisingly 
large,  almost  8  drum  parts  or  2xl0~'  centimeter  per  volt,  t.«., 
70  rings  per  volt.  The  distribution  of  results  is,  nevertheless, 
linear  and  proportional  to  the  true  voltages.  To  account  for 
this  resnlt  by  aid  of  the  equation 


JfgAjy  £>'  ( 


I  A/i>)' 


is  not  impossible,  if  the  asymmetry  is  such  as  to  make  the 
terms  in  A/Z^  essentially  negative.  Yet  in  the  case  of  a  large 
valne  of  A  the  results  are  so  lacking  in  probabilitv  that  a  want 
of  uniformity  or  variation  in  the  field  is  more  liable  to  be  in 
question. 

On  spacing  the  plates  further,  i?=l-04  centimeters,  and 
carefully  adjusting  the  disk,  it  carried  a  charge  equivalent  to 
r,=250  volts  easily,  so  long  as  V,  did  not  exceed  about  20 
volts. 

A  new  and  lighter  disk  was  thereupon  introduced,  weighing 
but  -607  gram.  As  it  failed  to  carry  a  charge  quite  as  large  as 
F,=250  volts,  the  only  available  smaller  one,  k',=104-5  volts, 
was  given  to  it.  The  uncorrected  results  for  F,  are  here 
much  nearer  the  true  values,  i.e.,  about  1-3  times  too  large, 
than  were  those  of  the  preceding  case,  so  that  the  correction 
for  asymmetry  is  probably  applicable.  The  mean  trend  of  the 
locus  is  through  zero.  Sensitiveness  is  naturally  mnch  lower 
than  above,  showing  ^N  —  5  X  10"*  centimeter  per  volt.  The 
experiment  indicates  well  how  markedly  dependent  the  con- 
stants of  the  instrument  are  on  the  position  of  the  disk. 

The  same  disk  was  now  weighted  with  a  rider,  making  the 
total  ma««  1*086  grams,  with  tlie  object  of  charging  it  to  250 
volts.  The  uncorrected  results,  while  maintaining  proportion- 
ality, were  about  2  times  too  large. 

The  data  obtained  idiostaticaUy,  however,  where  the  deflec- 
tions are  essentially  small,  tig.  la,  show  an  excellent  agree- 
ment with  the  true  voltages.     Discrepancies  are  as  liable  to  be 
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in  the  voltmeter  as  in  tbe  electrometer.  The  v&lues  of  i!;  given 
for  this  table  sliow  how  nearly  a  true  condition  of  symmetry 
was  attained,  as  its  mean  value  from  the  equation 


is  bnt  — -0085  centimeter. 

The  data,  as  a  whole,  illustrate  the  peculiarities  of  the  disk 
method  very  well,  giving  evidence  botu  of  its  relatively  great 
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Fio.  7.     Electrometer  datft  compared  with  actoal  voltages. 

sensitiveness  (the  double  displacements  being  even  2  X 10"'  centi- 
meter per  volt)  on  the  one  nand,  and  the  variation  of  eensitive- 
nesB  as  the  result  of  a  more  or  less  unsymnietric  position  of 
the  disk  on  the  other.  The  ratio  of  observed  and  actual  volt- 
ages is  fairly  constant.  The  question  then  arises  as  to  the 
degree  to  which  the  latter  difference  may  be  corrected.  There 
is,  in  many  cases,  a  peculiar  shift  of  the  zero  of  displacement 
for  the  uncharged  apparatus  which  is  not  easily  accounted  for; 
thongh,  from  another  point  of  view,  it  is  truly  astonishing 
that  a  suspended  disk  should  adjust  itself  to  a  given  portion 
with  an  accuracy  comparable  with  the  wave  length  of  light 
In  the  experiments  detailed,  such  difficulties  were  eliminated 
by  taking  mean  results,  but  usually  the  position  in  question 
was  actually  stable.  If  the  shortcomings  can  be  overcome,  the 
practical  limits  of  tlie  apparatus  as  here  constructed  should,  for 
short  suspension  (23  centimeters),  be  about  '015  volt  per  vanish- 
ing ring. 
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13.  TheSame.  Further e^erimenU.  The iiitereBting feature 
of  the  preceding  result  is  tlie  lai-ge  range  of  variability  Iti  tiie 
aeneitiveneee  of  the  apparatos.  It  was  therefore  thought  worth 
while  to  throw  further  light  upon  the  investigation  by  purpoBely 
tipping  the  apparatus,  in  onler  that  the  disk  might  lie  on  one 
side  or  the  otner  of  the  guard  ring. 

The   approximate  equation   for  t/4  iV  =      .    ,  p-,  —  i 

applied  to  the  experiments  did  not  give  results  quite  as 
consistent  as  was  anticipated,  inasmuch  as  the  same  value  of 
k  did  not  reappear  when  the  apparatus  was  tipped  back 
apparently  to  its  original  position.  Moreover,  tlie  centnd 
position  did  not  clearlj  correspond  to  X;=0.  Hence  it  seems 
that  jt  =  0  is  determined  by  tne  geometry  of  a  non-uniform 
field.  Neither  did  the  values  of  F,  correspond  very  closely 
to  the  values  of  h.  The  apparatus  is  more  sensitive  when  the 
disk  V,  is  on  the  side  of  the  plate  F,  and  abont  eqnally  so 
when  central  or  when  on  the  side  F,  =  0. 

In  other  experiments  the  disk  was  weighted  with  a  rider  and 
a  similar  series  of  data  was  taken,  although  V,  =  250  volts  waa 
carried  by  the  disk  only  in  cases  where  its  position  was  nearly 
central.  This  was  even  the  case  on  adding  heavier  riders. 
The  computed  values  of  F",  were  in  all  cases  S  or  3  times  the 
tme  vahies,  though  the  proportionality  is  maintained.  The 
conditions  are  thus  too  complicated  for  considemtion  here. 

14.  Vase  of  the  enclosed  disk.  With  the  object  of  obtaining 
a  more  uniform  field,  the  electrometer  was  now  modified  by 
sarronnding  the  disk  with  a  short  cylindHc  or  drum-shaped  tube 
within  the  guard  ring.  The  plates  and  the  drum  guard  ring 
are  spaced,  as  before,  by  three  hard  rubber  rings,  with  a  hard 
robber  screw  passed  through  the  perforations. 

Experiments  were  begun  witli  the  light  disk,  M  =  "607 
grtiiUi  which  was  charged  to  110  volts,  as  it  would  not  carry 
an  appreciably  higher  voltage.  Consequently  the  rider  was 
thereafter  added,  making  M  =  1086  grams,  and  the  disk 
charged  as  far  as  250  volts.  The  results  are  given  in  fig.  7  h. 
These  voltages,  though  obtained  under  very  different  condi- 
tions, are  practically  coincident  and  the  discrepancies  are  as 
liable  to  be  in  one  instrument  (voltmeter)  as  the  other.  The 
remaining  experiments  were  of  the  same  nature. 

To  eummarize  ;  the  enormous  variation  of  the  sensitiveness 
of  the  disk  electrometers  as  depending  upon  the  position  of  the 
diek,  k,  has,  therefore,  failed  of  interpretation  ;  /.  e.,  the  cor- 
rection for  V,  does  not  seem  to  follow  the  above  equations. 
Tlie  field  is,  therefore,  probably  far  from  uniform,  possibly 
consisting  of  a  conical  tube  of  force  between  plate  and  disk  on 
the  side  toward  which  the  disk  leans  and  of  a  more  nearly 
Ah.  Jock.  Sci.— Foceth  Sbeim,  Vol.  XXXVII,  Ko.  317.— Jascart,  1914. 
6 

Dcillizedoy  Google 


82  Barua — Dieptaeement  Interferometer. 

cylindric  tube  on  the  opposite  side,  wliere  the  tube  mnst  pass 
tbrongli  tbe  circular  {lerforation  in  the  guard  ring.  The  reealt 
is  an  empiric  instrument  in  which  tlie  deflections  are  propor- 
tioual  to  the  voltf^es  to  be  measured,  of  increased  sensitiveness, 
even  2  X  lO'*  centimeter  per  volt,  but  notyet  sensitive  enongh 
to  be  immediately  valuable  for  retined  practical  parposes. 
The  idiostatic  instrument,  for  voltages  above  20  volts  (after 
the  disk  has  been  adjusted  for  £  =  0  by  comparing  the  posi- 
tions of  the  charged  and  uncharged  disk)  may  in  some  case« 
be  useful. 

16,  Case  of  the  utuymmetrie  dUh.  The  cause  of  the 
departure  from  linearity  in  the  preceding  experiments  is  to  he 
referred  to  a  slight  asymmetry  m  the  disk,  whereby  an  effect 
varying  as  the  square  of  voltage  of  the  disk  is  superimposed 
on  an  effect  varying  as  its  first  power.  To  eliminate  the  non- 
linear term,  it  should  be  sufficient  to  obtain  no  deflection  in  the 
ease  of  earthed  plates,  when  the  needle  is  soccessively  chained 
and  uncharged.  In  fact,  the  charged  non-symmetrical  needle 
between  earthed  plates  introduces  an  interesting  method  of 
electrometry  as  follows : 

Let  k  be  the  amount  of  non-symmetry  for  a  disk  whose 
mean  distance  from  the  plates  D  centimeters  apart  wonld  be 
d  =  D/%.  ilence  for  any  displacement  ^N  tne  distance  of 
the  disk  from  one  condenser  plate  will  be  ti  =  Dj%  -t-  (it  ■t-AjV') 
and  from  the  other  plate,  D  -  d  =  Df%  -  (i  +  4iV).  Hence 
the  displacement  force  is  (after  reduction) 

F,*^  A  +  A  N 1  Mgikjr 

^-      2  2»/2      I>y*-(k  +  £i.Ny-        I 

As  [k  +  AA')*  may  usually  be  neglected  in  comparison  with 
jy/i,  the  equation  becomes 

„,_MgL^      A  N 
^^-    ilr"    *+A  K 
If  k  is  large  as  compared  with  ^N,  which  will  usually  be  the 
case,  r,'  will  vary  hnearly  with  ^N. 

To  use  this  method,  k  must,  therefore,  be  known,  and  it  may 
be  determined  witli  the  aid  of  a  given  voltage  preliminarily. 
Many  expei-iments  were  made  in  this  way,  an  example  of 
results  being  given  in  fig.  7  c.  The  asymmetry  of  tbe  disk 
was  about  -5  millimeter,  and  the  plates  were  over  6  millimeters 
apart.  The  equation  employed  answers  the  requirementE  as 
clusely  as  the  observations  could  be  made.  At  high  voltages 
(100  volts)  there  is  liable  to  be  divergence,  while  at  low  volt- 
ages the  displacement  AiV  is  too  small  for  accurate  work,  see- 
ing that  the  underlying  equation  is  quadratic. 

An  apparatus  like  tlie  present,  intended  for  actual  measure- 
ments, should  he  provided  with  a  micrometer  suspension  for 
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shiftiDg  the  disk  as  a  whole  in  the  direction  of  its  axis  and 
with  more  elaborate  means  for  sighting  with  a  view  to  hori- 
lEontal  and  vertical  parallelism  of  the  disk  with  the  plates  of 
the  condeneer  than  was  tbecase  with  the  improvised  apparatus 
here  treated.  It  hae  been  stated  that  it  is  an  inversion  of  the 
present  dieplacement  which  is  superimposed  on  the  displace- 
ment in  case  of  a  permanently  charged  needle,  and  which  thus 
demands  an  apparatus  tested  for  absence  of  non-sjmmetry,  if 
the  voltages  are  to  be  proportional  to  the  displacements. 

16.  D^ptacemeni  Interferometry  Applied  tii  the  Quadrant 
Electrometer. — The  method  of  measuring  small  angles  given 
elsewhere  may  be  made  ose  of  in  measuring  very  snial'  volt- 
ages or  small  increments  of  potential,  by  attaching  a  pair  of 
light  mirrors,  symmetrically  and  parallel,  to  the  needle  of  a 
quadrant  electrometer.  In  the  present. experiments  tins  was 
an  improvit-ed  instrument,  constructed  by  myself,  the  quad- 
rants being  of  sheet  copper  Utted  and  soldered  together  and 
supported  on  cylinders  of  hard  rubber.  The  bottom  of  the 
stem  of  the  needle  was  submerged  in  sulphuric  acid  as  in 
Kelvin's  instrument  and  the  suspension  was  bitilar.  The 
insolation  was  throughout  excellent.  The  needle  was  kept 
charged  to  about  150  volts  with  a  Zamhoni  pile,  any  variation 
of  charge  being  indicated  by  Elster  and  Geitel's  electroscope. 

In  fig.  8,  qq'  shows  a  pair  of  quadrants  in  vertical  section, 
E  the  needle  on  the  stem  as',  the  lower  end  of  which  is 
platinum,  bent  as  sho^'n,  thus  making  a  clip  to  hold  the  light 
mica  vane  v  (if  necessary)  submerged  m  sulphuric  acid  of  the 
vessel  c  charged  by  the  Zamboni  pile.  Bh'  are  the  hard  rub- 
ber supports  of  the  .quadrants.  At  a  suitable  distance  below 
them  tne  light  parallel  mirrors  vi  and  n  (less  than  I  centimeter 
in  diameter  each)  are  supported  by  the  light  cross  piece  of 
hard  rubber  rr  attached  to  the  stem  ss'  of  the  needle.  The 
axial  line  of  the  needle  £'iB  parallel  to  the  line  rr  between  the 
mirrors  and  the  latter  are  placed  at  a  horizontal  angle  of  about 
45°  to  rr. 

To  adjust  m  and  n  to  adequate  parallelism,  each  is  supported 
by  an  attached  tine  needle,  titling  snugly  in  a  vertical  groove 
in  the  ends  of  rr.  The  needle,  as  a  wiiole,  is  to  be  clamped  at 
rr'm  a.  suitable  support  and  sunlight  is  to  be  used.  When  the 
horizontal  beam  reflected  from  m  to  n  and  thence  to  a  distant 
white  screen  falls  within  the  direct  shadow  of  n,  the  needles 
are  fixed  in  place  by  resinous  cement.  The  mirrors  should  be 
equally  high. 

The  quadrant  electrometer  with  the  needle  in  position  was 
now  placed,  with  the  aid  of  three  long  foot  screws,  on  a  circular 
platform  just  below  the  iron  arm  holding  the  tixed  inter- 
ferometer mirror  M,  and  the  reflection  took  place  as  shown  in 
fig.  9.    In  efiect  the  arc  light  from  a  collimator  retlected  from 
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the  front  face  of  the  eratiog  (blue  image  due  to  scattering)  is 
next  reflected  at  n,  tnence  to  m,  tclience  it  goes  to  H  and 
returns  hy  the  same  ronte,  passing  however  from  n  through 
the  grating  to  the  obeerver'e  telescope.  The  case  surrounding 
the  electrometer  must,  therefore,  be  provided  with  a  front  ana 
rear  window.  With  so  man;  reflections  (altogetlier  ten,  includ- 
ing tiie  one  at  tlie  grating  and  the  effect  of  tbe  two  windows) 
tins  beam  is  considerably  weakened,  and  it  is  advisable  to  uee 
black  jflasB  and  not  a  silver  mirror  at  the  micrometer  M.  It  is 
preferable,  moreover,  to  use  tlie  glass  side  of  the  mirrors 
at  m  and  n,  as  the  silvering  is  liable  to  be  brighter  in  the  rear 
and  the  effect  of  thin  glass  plate  is  of  no  consequence.     Tide, 
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in  fact,  was  tbe  greatest  difficulty  encountered,  as  the  mirrors 
m.  and  n  were  not  at  tirst  adcuuately  silvered  and  polished. 
Even  when  the  direct  image  of  the  slit  is  clear  the  spectrum  is 
apt  to  be  dull  and  the  ellipses  are  hard  to  find. 

The  adjustments,  when  so  many  conditions  have  tti  be  met, 
were  not  at  tirst  easy  of  attainment.  The  electrical  installation 
should  first  be  completed  and  the  needle  in  place  between  the 

Juadrants,  the  electrometer  being  placed  so  that  the  beam 
rom  the  interferometer  strikes  n  (see  figs.  8  and  9}.  A  white 
s<^reen  behind  »,  catching  the  light  passing  beyond  tbe  edges 
and  showing  the  shadow  of  n,  facilitates  this  adjustment,  tlie 
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slit  being  opened  wide.  The  electrometer  is  now  rot&ted  as  a 
whole  around  the  vertical,  until  the  light  reflected  from 
fl  strikes  m  and  a  similar  screen  behind  tlie  latter  in  the 
line  7rt«  is  necessary  here.  Next,  the  mirror  TV^is  adjusted  to 
normality,  a  white  screen  behind  m  in  the  direction  Jvm  being 
essential,  whereupon  the  light  is  reflected  from  n  again  toward 
the  grating.  As  the  pencil  must  pass  through  the  grating  0 
again,  this  is  mounted  to  be  capable  of  being  raised  or  lowered 
and  rotated  around  the  vertical  and  horizontal  (adjustment 
screws);  but  these  are  the  usnal  adjustments  on  tne  inter- 
ferometer. It  follows  that  the  electrometer  must  also  be 
capable  of  being  raised  and  lowered  on  its  long  foot  screws,  as 
already  indicated. 

Moreover,  the  spectrum  shoold  be  so  placed  by  raising  and 
lowering  the  source  of  light  and  including  the  grating  together 
with  N  that  tlie  higher  orders  of  direct  spectra  are  not  in  the 
same  plane  with  the  spectra  superposed  for  interference. 
When  the  adjustments  described  are  well  made,  there  is  no 
further  difliculty  in  finding  the  solitary  ellipses.  As  there  is 
compensation  owing  to  the  two  glass  plate  windows  in  the  case 
of  the  electrometer,  the  ellipses  are  liable  to  be  enormous, 
practically  vertical  straight  lines,  which  are  displaced  with  cor- 
respondingly great  rapidity  by  the  micrometer  screw,  and  are 
therefore  hard  to  find.  Hence  some  counter  compensation  at 
the  micrometer  mirror  is  desirable,  in  order  that  centers  may 
appear,  and  the  displacement  may  be  slower.  A  compensating 
plate  about  1  centimeter  or  less  in  thickness,  with  the  vertical 
focns  of  the  light  from  the  slit  on  the  stationary  mirror,  pro- 
duces very  clear  and  sharp  ellipses,  admirably  adapted  for 
measorement. 

17.  Observations. — The  stems  of  the  mirrors  m  and  n  on  rr 
were  about  a  =  4'5  centimeters  apart.     Hence,  since  i  =  45°,  a 

=  4-5/v'2  and  if  S  is  the  path  difference  —  =  -0175  x  2fl  siu 

i  =  '079  cm.  per  degree.  Supposing  that  1  volt  gave  a 
deflection  of  45°  and  that  10~*  centimeters  are  measurable 
at  the  micrometer,  the  micrometer  sensitiveness  should  be 
10-* ,'45  X  -079,  or  about  3  X  lO""  volt,  i.e.,  about  10"' volt 
per  vanishing  interference  ring.  It  would  thus  seem  probable 
that  with  a  Tighter  needle  and  a  more  delicate  suspension  the 
poesihility  of  measuring  10"*  volt  would  not  be  out  of  the 
question.  The  following  observations  show  that  these  surmises 
are  correct  so  far  as  the  method  is  concerned. 

The  great  hardship  encountered  in  the  present  work  was  the 
unavoidable  agitation  of  the  laboratory,  and  this  unfortunately 
is  insuperable.  After  the  ellipses  were  found  they  were 
always  m  motion,  so  that  the  displacement  work  was  bound  to 
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be  rough  and  the  use  of  interference  ringa  out  of  tlie  qnestion. 
Ab  tlie  rin^s,  however,  may  easily  be  obtained  and  used  under 
suitable  conditions,  and  as  the  purpose  of  the  present  paper 
ie  merely  to  test  the  method,  the  annoyances  in  question  are 
of  less  consequence. 

To  obtain  small  potentials,  a  thin  bare  German  silver  wire 
about  1  meter  Ion?  was  stretched  and  insulated  on  a  board  and 
the  eniis  supplied  with  a  constant  potential  difference  of  one 
volt.  Two  points  of  the  wire,  one  or  more  centimeters  apart, 
were  then  used  as  a  source  of  potential,  the  wires  from  tnese 
points  leading  to  a  Mascart  bey,  which  suitably  earths  and 
eommntates  tlie  charged  wires  leading;  to  the  electrometer.  A 
thenno-couple  raij^ht  have  been  used ;  but  the  long  wire  is 
preferable  because  of  its  simplicity. 

In  the  first  experiments  made,  the  suspension  was  a  bililar 
about  10  centimeters  long  (each  strand  of  several  silk  fibers)  and 
about  '5  to  1  millimeter  apart.  Ko  doubt  the  torsional  stress 
of  the  fiber  was  here  of  an  order  commensurate  with  the  bitilar 
force.  The  needle,  being  damped  in  concentrated  sulphuric 
acid,  moved  very  slowly  and  about  two  minutes  were  allowed 
for  each  defiection.  It  was  thus  possible  to  follow  the  ellipses 
on  commutation,  from  one  to  the  other  extreme  elongation,  by 
moving  the  micrometer  screw  proportionally  to  the  displace- 
ment of  ellipses.  As  a  rule,  the  ellipses  were  quite  clear  all 
the  way,  showing  that  the  adjustment  for  parallelism  of  mirrors 
on  the  needle  by  the  aid  of  sunlight  is  adequate.  The  potential 
of  the  chaise  on  the  needle  was  of  the  order  of  150  volts. 

In  the  first  experiments,  AA'/A  V=  "57  centimeter  waa  the 
displacement  on  the  micrometer  per  volt,  so  that  AiV  =  10~* 
centimeter  corresponds  to  '000170  volt,  or  the  ^nsitiveness  is 
about   000060  volt  per  vanishing  interference  ring. 

The  instrument  was  now  improve'd  by  inserting  a  longer  bifitar 
suBpensiot),  consisting  of  a  single  fiber  of  silk.  The  damper 
and  other  details  were  retained.  The  potentials  were  tapped 
from  points  of  the  long  wire,  respectively  5  and  10  centimeters 
apart.  Owing  to  the  very  large  deflection,  the  ellipses  wera 
not  equally  clear  thronghont  the  whole  displacement  from 
elongation  to  elongation. 

The  instrument  behaved  much  better  in  the  present  case  and 
the  sensitiveness  had  been  much  increased,  particularly  in  the 
later  series  of  observations.  Since  ^N/H.  V  was  of  the  order  of 
3"9  centimeters  per  volt,  10"*  centimeter  corresponds  to  "000035 
volt,  i.  e.,  to  about  'OOOOIO  volt  per  ring,  so  that  under  favor- 
able circumstances  a  few  millionths  of  a  volt  should  be  dis- 
cernible. 
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Abt.  VII.  —  The    Upper  Devonian   Delta  of  the  Appala- 
chian Geosyncline  ,■  *    by  Joseph  Barbell. 
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IsTEontrerios  and  Summary. 

Toward  the  west  and  southwest  the  Upper  Bevonian  delta 
faced  the  sea.  The  stody  of  its  strata,  guided  by  criteria  for 
distineaishing  the  modes  of  orif^in  of  the  several  formations, 
has  led  in  the  lirst  part  to  certain  conclusions.  But  facing  tiie 
east  the  marginal  ontcrop  is  near  the  region  of  maximum  thick- 
ness. Tbe  beveled  edges  of  the  strata,  measured  in  thoiiBands 
of  feet,  bear  witness  to  a  former  extension  toward  the  ancient 
land  of  Appalachia.  The  nature  of  the  surface  and  the  relations 
of  the  delta  to  the  sea  are  but  one  half  of  the  problem.  The 
former  extent  and  nature  of  tbe  strata  now  destroyed  and  the 
relatioDB  of  the  delta  to  the  old-land  constitnte  the  other  half. 

Although  Appalachia  and  its  marginal  waste  plains  no  longer 
exist,  we  may  attack  these  questions  by  inferences  from  the 
nature  of  the  remaining  strata,  from  the  structure  of  the  rocks 
beyond,  and  by  the  evidences  as  to  the  amounts  of  erosion 
which  they  have  suffered.  Merely  because  the  study  is  infer- 
ential, the  results  are  not  necessarily  less  secure.  The  com- 
monest conclusions  in  geology  are  in  fact  inferential.  Therefore 
it  is  not  the  absence  of  inference,  rather  is  it  the  definiteness 
and  convergence  of  independent  lines  of  evidence  and  the 
soundness  of  the  principles  according  to  which  the  conciueions 
are  inferred  whicli  determine  the  security  of  the  answers.  It 
is  seen  then  that  the  principles  of  interpretation  are  as  impor- 
*  Continned  from  ibis  Jonmal,  (4),  zxzvi,  pp.  431MT2,  1913. 
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tant  ae  the  facts  interpreted  ;  but  thoso  criteria  wliicli  are  used 
by  geologists  to  determine  the  original  nature  and  limitE  of 
eroded  formations  are  less  well  demonstrated  and  are  mnch 
more  vaguely  employed  than  are  those  nsed  for  determiniop 
the  modes  of  origin  of  strata.  In  the  Etudv  of  the  existing 
sediinenta  observation  and  demonstration  are  able  to  follow 
fairly  close  to  hypothesis,  but  in  the  more  difficult  study  of  that 
■which  is  no  longer  existent  unchecked  hypothesis  still  largely 
prevails.  This  second  part  of  this  subject  is  taken  up,  there- 
foi'e,  in  discussing  the  causes  which  have  determined  the 
present  limits  of  the  Upper  Devonian  formations  and  the  lack 
of  relationship  between  Ibe  present  outcrops  and  the  fonner 
limits. 

It  has  been  customary,  on  paleogeographic  maps,  to  draw  the 
original  limits  of  formations  at  no  great  distance  beyond  their 
present  outcrops.  On  the  other  hand,  areas  of  ancient  rocks 
tend  to  become  regarded,  unconsciously  to  the  thinker,  as  land 
areas  through  all  the  younger  ages.  To  a  certain  degree  both 
these  principles  as  rules  of  guidance  point  in  the  direction  of 
the  truth,  and  it  is  only  by  following  them  in  a  general  way 
that  paleogeograpbic  maps  may  be  constructed.  Yet  in  any 
particular  problem  these  principles  may  lead  to  large  errors. 
Sediments  may  originally  have  existed  hundreds  or  thousands 
of  feet  thick  and  reached  nundreds  of  miles  beyond  their  present 
boundaries  and  now  leave  no  trace.  An  extended  discussion 
of  these  subjects  is  required  in  connection  with  the  Upper 
Devonian,  as  is  seen  on  comparing  the  present  conclusions  with 
those  of  previous  writers.  This  part,  on  the  relation  of  present 
outcrops  to  causes  other  than  the  original  limits,  is  preparatory 
for  the  more  deiinite  evidence  which  follows  in  the  third  part. 
The  preliminary  discussion  shows  that  there  is  no  reason  why 
the  Upper  Devonian  sediments  may  not  have  extended  north- 
ward to  beyond  I^ke  Ontario  and  eastward  to  the  margin  of 
the  present  coastal  plain.  In  the  third  part,  to  be  published  in 
a  following  number,  the  indications  given  by  the  strata  as  to 
their  former  extension  are  taken  up  and  several  independent 
lines  of  evidence  converge  to  the  conclusion  that  the  Upper 
Devonian  did  extend  originally  to  the  neighborhood  of  these 
limits. 

Present  Extent  and  Thickness  of  tub  Uppbb  Devonian. 

The  map  of  the  Appalachian  geoeyncline,  fig.  1,*  shows  the 
limits  of  the  Upper  Devonian  outcrops  and  the  contours  give 
approximately  the  total  thickness  of  sediments  which  were 
deposited  during  the  Upper  Devonian. 

*  Fig«.  1  to  4  IncltisiTe  are  published  in  Part  1.  this  Jotmial  (4).  luvi,  pp. 
429-473.  1913.     Fig.  1,  for  conTCDience  of  reference  is  repoblished  in  this 

part  also. 
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In  BOuthem  New  York  tlie  strata  dip  srently  southeast  kdA 
outcrop  in  a  broad  hilly  upland  from  1500  to  2000  feet  in  ele- 
vation ;  the  };eneral  surface  however  slopes  north,  contrary  to 
the  slope  of  the  strata,  and  overlooks  the  central  lowland  of 
New  York,  lyinw  at  a  <^neral  level  of  400  to  500  feet,  devel- 
oped on  the  soft  Ordovician  and  Silurian  strata.  The  old 
npland  surface  is  now  trenched  by  deep  transverse  valleys 
leading  to  the  north  or  south  and  giving  a  sinaous  outline  to 
the  limiting  outcrop.  In  eastern  New  York  the  strata  are 
more  resistant,  dipping  gentlv  southwestward  and  extending 
northeastward  in  tne  Catskill  Monntains  until  the  higher  peaks 
reach  elevations  in  the  neighborhood  of  4000  feet.  Close  in 
front  lie  the  Mohawk  and  Hudson  Rivers  near  the  level  of 
the  sea.  The  thickness  of  the  Upper  Devonian  at  its  inarvJD 
is  about  2000  feet  in  western,  about  4000  feet  in  eastern  New 
York.  The  strata  must  therefore  have  extended  at  one  time 
much  farther  to  the  north. 

Facing  the  Appalachians  the  Upper  Devonian  as  far  south 
as  Lat. '  41°  forms  a  mountainous  tableland  of  gently  flexed 
strata,  the  elevations  descending  from  the  heights  of  the  Cats- 
kills  to  about  2000  feet.  Immediately  to  the  east  lie  the 
folded  structures  of  the  Appalachian  system  over  which  the 
Upper  Devonian  strata,  here  from  4000  to  6000  feet  thick, 
must  oilce  have  extended,  participating  in  the  folded  zone. 
South  of  Lat.  41°  to  41°  15'  the  folded  structures  advance 
westward  and  involve  a  greater  breadth  of  the  Appalachian 
geosyncline.  The  Upper  Devonian  strata  plunge  steeply 
beneath  the  syncHnorium  of  the  anthracite  coal  oasins,  the 
eastern  outcrop  showinghere  maximum  thicknesses  of  between 
7000  and  9000  feet.  West  of  this  synclinoriura  is  a  broad 
cross  anticlinorium  running  north  and  south  between  Long. 
77°  and  78°.  This  npwarp  crosses  a  series  of  great  folds,  pro- 
ducing very  zigzag  outcrops  in  the  strata  pitching  away  from 
it.  The  Upper  Devonian  is  completely  removed  across  this 
transverse  anticlinorium  and  exposes  in  its  flanking  outcrops 
a  thickness  decreasing  northwestward  to  6000  feet.  On  the 
west  the  isolated  Broad  Top  Coal  basin  shows  the  Upper 
Devonian  on  all  sides  and  offers  good  opportunities  for  meas- 
urement. The  last  exposure  of  the  full  thickness  is  on  the 
Allegheny  front,  at  the  limit  of  the  strongly  folded  structnrefl, 
but  the  upper  part  outcrops  in  three  gentle  anticlines  to  the 
west  and  bore  holes  show  the  continuation  of  the  strata. 

In  the  region  of  folding  the  measurements  of  thickness  can 
be  made  in  a  limited  distance  and  with  small  error  but  tranei- 
tions  at  base  and  top  prevent  a  high  degree  of  accuracy. 
Some  changes  of  thickness  due  to  folding  are  also  probable. 
In  the  other  regions  the  thicknesses  are  not  so  easy  to  obtain. 
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Over  the  western  part  of  Pennsylvania  the  bottom  of  the 
Upper  Devonian  is  nowhere  exposed.  In  southern  New  York, 
on  the  other  band,  the  upper  beds  have  been  removed  and 
detailed  geoloi^c  mapping  has  not  crossed  that  wide  belt 
between  tne  middle  Devonian  and  the  Miseissippian  outcrops, 
lo  northern  New  Jersey  also  the  isolated  Qreeii  Pond  Moun- 
tain axis  preserves  merely  a  remnant  whose  original  thickness 
is  not  knofvn.  In  the  neifi;hborhood  of  Lake  Erie,  however, 
more  exart  figures  are  determinable.  But  althongh  'these 
diSicnlties  prevent  hij^h  accuracy,  the  errors  are  small  in  com- 
parison with  the  total  thicknesses  of  thousands  of  feet 

A  strikinf^  fact  in  regard  to  the  distribution  of  thicknesses 
is  that  they  are  greatest  near  the  southeastern  margin.  It  is 
to  be  noticed  further  that  the  boundary  from  flarrisburg  to 
Lake  Erie  ia  everywhere  oblique  to  the  lines  of  equal  thick- 
ness, decreasing  from  about  9000  feet  in  the  southeast  to  2000 
feet  in  the  northwest.  In  the  region  of  the  folded  Appala- 
chians the  thicknesses  range  from  6000  to  a  little  over  9000  feet. 
It  appears  therefore  as  if  there  were  preserved  to  our  geologic 
period  but  a  portion  of  the  original  basin.  The  eastern  side 
is  almost  wholly  gone  and  on  the  north  erosion  has  etched 
hack  the  margin  for  an  unknown  distance.  The  restoration 
of  this  basin  lowing  its  original  extent  and  the  thickness  and 
character  of  the  strata  is  the  task  which  we  have  set. 

CoxpABisoy  OF  THIS  Bestoeation  with  Otheb  Maps. 

Before  entering  opon  a  detailed  analysis  of  the  problem  it 
is  desirable  to  see  how  the  present  restoration  of  the  Upper 
Devonian  as  shown  in  fig.  1  compares  with  others  which  have 
been  made. 

J.  D.  Dana  in  1895  pnblished  a  map  of  North  America  at 
the  cominencement  of  the  Carboniferous  era,*  On  it  the  limits 
of  the  sea,  and  of  the  sediments,  are  shown  as  approximately 
following  the  north  boundary  of  Pennsylvania,  Lai.  42%  and 
lying  close  to  the  limiting  outcrops  on  the  southeast. 

The  most  detailed  map  was  published  by  Willis  in  1899,t 
and  is  the  map  with  which  tlie  present  one  should  be  most 
closely  compared.  The  two  differ  materially.  In  Willis'  map 
the  whole  area  of  sedimentation  is  indicated  as  a  shallow  sea  and 
the  north  limit  of  the  basin  is  drawn  at  Lat.  43°  15'  wliere  the 
present  map  indicates  a  former  thickness  of  between  2000  and 
3000  feet  of  Upper  Devonian  strata.  On  the  east  the  shore 
line  as  shown  by  Willis  follows  closely  the  marginal  outcrops. 
The  thicknesses  taken  by  Willis  include  the  Hamilton,  which 

'Uannal  of  Geology,  p.  688. 

f  HarylBiKl  Oeol.  Sarv.,  Tol.  iv,  pi.  vii.  Oeograph?  of  the  Eastern 
United  States  During  and  at  the  Close  of  the  Devonian  Period. 
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is  here  excluded,  and  tbe  present  inRp  rests  Id  part  upon  publi- 
cations by  tile  United  States  and  New  York  Surveys  issued 
since  the  map  by  Willis  was  publislicd.  A  large  difference  is, 
however,  owing  to  another  cause.  In  Lycoming  County,  in 
North  Centr»l  Pennsylvauia,  Willis  takes  data  fi-om  Andrew 
Sherwood*  for  the  thicknesses  of  the  Upper  Devonian.  Hot 
these  are  measurements  of  partial  and  not  complete  sections. 
Their  use  gave  an  apparent  lack  of  sedimentation  and  conse- 
ouent  constriction  of  the  geosyneline.  The  present  map  in 
that  region  bws  been  controlled  by  tbe  very  complete  section 
measured  by  ?I.  M.  Chance. f  But  it  is  in  the  location  of  the 
margins  of  the  basin  that  tbe  two  maps  differ  most  widely; 
the  differences  being  tbe  result  of  the  application  of  different 
principles  for  the  location  of  tbe  original  margins  of  eroded 
formations.  Willis  has  crystallized  these  more  definitely  and 
consciously  than  others  of  tbe  living  geologists  and  their  dis- 
cussion is  taken  up  in  detail  in  later  sections  of  this  article. 
The  two  maps  are  important  in  showing  the  wide  difference  in 
results  whicli  may  flow  from  different  interpretations  of  the 
same  set  of  facte. 

In  190(i  Chaniberlin  and  Salisbury  published  a  set  of  paleo- 
geograpbic  maps  which  showed  distinct  advances  over  those 
preeedmg.:(  The  map  for  tbe  Upper  Devonian  (II,  p.  431) 
shows  the  northern  limits  of  water  as  possibly  existing  to  the 
line  located  by  Willis.  A  possible  extension  of  water  on  the 
east  ia  shown  about  to  the  limit  of  sediments  indicated  on  the 
present  map.  Continental  deposits  are  not  discriminated.  A 
probable  water  body  is  shown  as  existing  south  of  Connecticut 
and  extending  possibly  northward  up  the  Connecticut  valley. 

In  1910  Schucliert  published  his  Paleogeography  of  North 
Anierica§  which  gave  a  wealth  of  detail  beyond  anything 
previously  published.  In  tbe  construction  of  bis  maps  he 
followed  tbe  principle  that  the  shores  should  he  shown  as  near 
to  the  limiting  outcrops  as  is  reasonable :  that  is,  the  extension 
of  tbe  seas  to  the  limits  set  by  Scbucbert  is  practically  certain, 
but.  as  is  noted  by  Schuchert  (p.  446),  this  method  may  err  on 
the  side  of  too  much  restriction  of  the  continental  seas.  Fol- 
lowing this  method  in  his  map  of  the  Upper  Devonian  (pi.  77) 
tbe  shore  is  shown  on  the  north  where  it  is  drawn  by  Willis. 
Tbe  Catskill  Mountain  area  is  shown  as  an  estuary  (see  p,  545) 
separated  from  the  sea  by  a  barrier.  The  necessity  of  a  sea- 
way for  the  migration  of  faunas  causes  bim  to  locate  a  strait 
across  northern  New  Jersey,  making  the   Skunnemunk  con- 

•Seoond  Gool.  Sorv.,  Pa,,  toI.  0-3,  1880. 
tSecond  Geol.  Snrv.,  Pb.,  vol.  P,  AppeodU  B,  1878. 
jOeotogf,  Earth  HlBtorj,  II,  III, 
SBull.  Geol.  Soc.  Am.,  ii,  437-606. 
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glomerate  mai'ine.  The  beds  in  Pennsylvania  are  eIiowr  as 
wholly  marine  and  advancing  east  somewhat  farther  than 
indicated  on  previous  maps. 

Tlie  present  map,  fig.  1,  shows  tlie  shore  line  at  tlie  close  of 
the  Devonian  farther  west  than  anj  previous  map  but  the 
margin  of  tbe  sediments  farther  east,  except  for  tlie  New 
Jersey  strait  of  Schuchert  which  is  here  eliminated.  Between 
the  two  limits  is  shown,  not  a  shallow  sea  or  estnary  but  a 
sobaerial  delta  plain.  The  comparison  with  the  previous  maps 
cryelallizee  the  differences  between  them  and  introduces  the 
Deed  for  a  discussion  of  the  principles  which  have  controlled 
tbe  past  aud  the  present  restoration. 

Influknce  of  Erosioh  Ctclks. 
Pretent  lAmitt  Dependent  upon  Intervening  Baseleveit. 

The  original  development  of  a  formation  was  dependent 
upon  tbe  baselevel  of  the  time,  the  initial  baselevel  in  its  his- 
tory. At  a  distance  from  the  siiore  the  inland  baselevel  deter- 
mining the  relations  of  erosion  and  continental  sedimentation 
are  controlled  by  the  river  grades  and  may  depart  appreciably 
from  sea  level.  The  limits  of  deposition,  however,  are  limited 
iu  the  initial  cycle  to  the  parts  below  baselevel  even  if  some- 
what above  sea  level. 

In  the  drawing  of  the  earlier  paleogeographic  maps  the  views 
prevalent  in  the  middle  of  the  last  century  determined  the 
principles  of  construction.     It  was  originally  assumed  that  the 

firesent  limits  of  a  formation  are  controlled  by  but  two  base- 
evels  of  erosion,  the  initial  one,  giving  the  original  limits  of 
sedimentation,  thought  of  as  necessarily  a  shore  line  ;  and  the 
present  cycle,  giving  the  existing  relief  to  the  land.  The  idea 
of  clearly  separated  baselevels  was  not  however  present  in 
theory.  Uplift  was  looked  upon  as  progressive,  the  successive 
shore  lines  forming  on  the  whole  a  descending  series.  It 
apparently  was  not  thought  that  any  part  of  tlie  continental 
surface  save  the  anticlines  of  folded  regions  had  lost  very  much 
in  elevation.  No  qnantitntive  comparison  had  been  made 
between  the  great  voluines  of  the  sediments  and  the  enormous 
denudation  which  they  imply.  Consequently  tlie  old  shore 
lines  were  located  by  tilling  up  in  imagination  the  river  valleys 
and  extending  the  strata  to  the  higher  npland  levels  of  the 
region.  It  was  not  believed  that  extensive  overlaps  or  outliers 
could  have  existed,  for  it  was  thonght  such  could  not  have  been 
wholly  eroded.  This  blended  two-cycle  principle,  inherited 
from  the  past,  still  nnciinsciously  controls  the  work  of  many 
geologists  whose  specialty  does  not  He  in  the  application  of 
present  physiograpltic  knowledge  to  the  distant  past. 
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In  tbu  p&at  two  decades  lias  frrown  up  an  increasing  apprecia- 
tion of  the  complexity  of  erosion  cyclee.  Davis  early  recog- 
nized one  baselevel  as  the  floor  of  the  Triaesic  formation  aod 
another  as  the  surface  truncatinfr  the  higher  ridfi:es  of  Penn- 
sylvania. The  latter  he  correlated  with  the  floor  at  the  base 
of  the  Potomac  group  and  therefore  it  was  placed  by  himaaof 
Oretaceoiie  date.  Another  erosion  level,  existinj^  in  the  val- 
leys and  beveling  the  softer  formations,  he  placed  as  of  Ter- 
tiary age.    Since  then  still  other  minor  cycles  have  been  added. 

What  effect  should  this  development  of  the  erosion  theor; 
have  upon  the  problem  of  Paleozoic  geography  ?  Its  inflnence 
may  be  considered  by  introducing  hrst  the  effect  of  the  Cre- 
taceous baseleveling.  In  that  Jnrassic-Cretaceous  cycle  it  has 
been  held  that  all  of  eastern  North  America  except  certain 
residual  mountain  groups  was  reduced  to  a  peneplain.  Con- 
sequently if  ancient  strata,  for  example  those  of  the  Devonian 
^e,  were  warped  upward  at  the  close  of  the  Paleozoic  above 
the  level  of  the  Cretaceous  peueplaiti,  no  matter  how  far  they 
originally  extended,  so  long  as  they  did  not  enter  into  the 
residuals  still  remaining  upon  that  plain,  they  would  have 
become  completely  destroyed.  Even  if  they  had  extended 
ontwarde  for  hundreds  or  thousands  of  miles  at  elevations 
above  that  level,  now  no  vestige  would  remain.  Consequently 
the  extension  of  the  strata  to  the  present  level  of  the  uplands 
would  only  restore  the  boundaries  as  they  existed  in  the  Cre- 
taceous, not  in  their  time  of  origin.  This  may  be  called  an  in- 
terpretatfon  of  paleogeography  with  respect  to  a  three-cycle 
basis,  the  Triaesic  and  Tertiary  cycles  being  looked  upon  by 
most  writers  as  relatively  partial  and  local, 

Chamberlin  and  Salisbury  in  their  Geology  and  Willis  in  bis 
Outlines  of  Geologic  History  have  recognized  the  pertinency 
of  this  principle  by  showing  a  probable  extension  of  the  early 
Paleozoic  seas  npoh  the  Canadian  shield  where  now  only  pre- 
Cambriati  rocks  exist  below  the  Cretaceous  level.  Such  rela- 
tions of  intervening  erosion  cycles  to  the  problem  of  the  ancient 
boundaries  does  not  however  appear  to  have  been  clearly 
formnlated.  A  paper  in  which  is  stated  distinctly  the  rbiation 
of  the  Cretaceous  cycle  to  an  earlier  problem,  here  the  problem 
of  Permian  folding,  is  that  by  K,  T.  Chamberlin  on  the 
Appalachian  Folds  of  Pennsylvania.*  Here  the  Cretaceous 
baselevel  is  detinitely  assumed  to  be  essentially  the  same  as  the 
poat-Permian  baselevel  + 

It  is  the  conclusion   of  the  present  writer,  however,  tiiat 

many  erosion  cycles,  developed  with  respect  to  snccessive  base- 

leveu,  have  intervened  between  the  Devonian  and  the  present 

and  that  the  Cretaceous  cycle  is  a  broad  term  for  a  number  of 

•Jour.  Qeol.,  xriil,  338-851,  1910.  tLoo.  cii.,  287-241. 
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partial  cycles  extending  from  the  cloao  of  the  Jurassic  into  the 
earlj  Tertiary.*  If  this  be  eo,  it  stiil  further  destroys  any  real 
relationship  between  the  limits  of  tbe  present  outcrops  and 
the  orif^nal  limits  of  sedimentation,  even  in  cases  where 
residnala  still  rise  above  the  upwarped  Cretaceons  baselevel. 

Relation  of  Poit- Ordonician  ErvBton  to  Original  Limits  o/ 
Devonian. 
A  more  or  less  widespread  crnst  movement  took  place  at  the 
end  of  the  Ordovician,  Uplift  and  folding  occurred  over  the 
Appnlachiaus  as  far  weet  as  the  eastern  side  of  the  Great 
Valley,  as  is  shown  by  tlie  unconformity  at  the  base  of  the 
Silurian  and  the  fact  tliat  fragnients  of  Ordovician  formations 
enter  into  the  Silurian  basal  conglomerate.  This  has  been 
called  the  Taeonic  revolution  from  the  region  where  theeignif- 
icance  of  the  unconformity  wasiirst  recognized.  The  Taeonic 
and  Green  Mountains  still  stand  in  Yermoiit  at  elevations  in 
the  neighborhood  of  4000  feet.  .  The  question  arises, — how 
mach  of  the  melamorphism  and  folding  of  that  region  should 
be  ascribed  to  the  close  of  the  Ordovician,  how  mnch  to  later 
movements}  Their  elevations,  high  above  the  Cretaceous 
baselevel,  have  been  commonly  looked  upon  as  an  inheritance 
from  the  Silurian,  Did  they  contribute  waste  to  the  Devonian 
sediments  and  form  a  barrier  in  Devonian  times,  or  were  the 
Silorian  mountaius  already  leveled  before  the  Middle  Devonian 
so  that  the  Devonian  waste  had  to  come  from  farther  regions 
and  may  possibly  have  mantled  the  beveled  folds! 

Tlie  platean  outlier  of  the  Rensselaer  tirit,  shown  in  fig.  1, 
fjoes  far  toward  supplying  an  answer.  In  the  first  part  of  this 
article  this  formation  lias  been  described  and  reasons  advanced 
for  holding  that  it  is  more  probably  of  Middle  Devonian  age, 
though  it  was  assigned  by  tiie  older  geologists  to  the  Silurian 
and  by  J.  M.  Clarke  to  the  Upper  Devonian,  The  grit  rests 
nnconformably  upon  the  Upper  Ordovician  schist  and  lies 
immediately  west  of  the  Taeonic  range.  The  latter  is  com- 
posed uf  these  same  schists  and  rises  a  thonsand  feet  above  the 
GDrface  of  the  plateau.  The  Rensselaer  formation  contains 
beds  of  slate,  otners  of  grit,  and  still  others  of  conglomerate. 
Feldspar,  gneiss,  and  quartzite  pebbles  are  abundant.  The 
material  of  the  plateau  sliows  therefore  that  it  was  not  largely 
derived  from  the  schists  of  the  Taeonic  range  which  now  over- 
shadows it.  Furthermore  the  Rensselaer  grit  is  itself  folded 
and  metamorphosed,  indicating  that  it  has  once  been  somewhat 
deeply  buriea  and  while  so  buried  subjected  to  powerful  earth 
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preseureB  and  tiigh  temperatures.  It  is,  however,  on  tbe  western 
margin  of  tliese  orogenic  activities.  Tlieee  relations  of  attitade, 
of  composition,  and  of  internal  strncture  show  that  the  present 
Taconic  region  was  lowlying  in  tbe  Devonian,  no  longer  % 
mountain  barrier,  and  that  a  large  part  of  the  strong  folding, 
thrusting,  and  metaniorpiuEni  wTiich  now  mark  the  Taconic 
and  Green  Mountain  region  was  imposed  after  the  Keneeelaer 

frit  was  deposited,  probably  in  the  closing  revolotion  of  the 
'aleozoic. 

In  New  Jersey  also  the  Green  Pond  Conglomerate  of 
Silurian  age  rests  unconformably  upon  Ordovician  limestone 
and  pre-Cambriati  gneiss.  Its  pebbles,  except  at  the  immediate 
base,  are  water-worn  pebbies  of  white  quartz  and  not  local 
accumulations  from  an  unreduced  region.  Much  erosion  bad 
taken  place  between  the  close  of  the  Ordovician  and  the 
beginning  of  Silurian  deposition. 

Further,  Lower  Devonian  quartzites  and  fossiliferous  lime- 
stones are  found  immediately  east  of  the  Green  Mountains  in 
northern  Massachusetts  over  a  region  doubtless  affected  by  tlie 
Taconic  folding.  Clearly  then  we  must  conclude  that  the 
mountains  of  the  Taconic  Revolution  did  not  endure  to  supply 
the  Upper  Devonian  sediments.  They  no  longer  rose  as  in- 
Buperaole  barriers  and  the  sediments  were  more  or  lees  free  to 
transgress  their  eroded  structures. 

Ii'fiuence  of  Late  Paleozoic  Ci/clei  of  Erotion. 

Here  will  be  considered  from  the  standpoint  of  theory  the 
possible  effects  of  the  erosion  cycles  which  followed  the  deposi- 
tion of  the  Upper  Devonian  hut  preceded  the  Permian  fold- 
ing. 

The  original  marginal  parts  of  a  formation  are  the  least 
downwnrpcd.  They  may,  m  fact,  if  terrestial  in  origin,  have 
accumulated  at  considerable  elevations  above  sea  level.  Even 
if  not  originally  above  sea  level  a  flight  upwarp  of  the  margins 
of  the  basin  might  completely  destroy  them  wlien  the  central 
and  thicker  parts  would  still  remain.  While  a  deposit  exists 
ae  an  unconsolidated  surface  formation  it  is  particularly  sensi- 
tive to  even  minor  changes  of  level.  The  most  widely  extended 
formations  are  the  ones  least  protected  by  overlying  materials 
and  most  constantly  subjected  to  erosion  through  later  time,  bo 
that,  as  Gilbert  has  pointed  ont,  the  evidence  of  the  greatest 
past  transgressions  of  the  sea  becomes  most  completely  obliter- 
ated." After  such  a;i  erosion  of  marginal  strata  let  the  sea 
again  invade  the  land  and  a  disconformity  is  the  result,  in 
which  the  ii:tie  interval  marked  by  the  hiatus  represents  sonie- 
*  Continental  Ftpblemi,  Geo).  Boo.  Am.  Ball.,  iv,  18T-190,  1808. 
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tbiog  more  than  the  time  in  which  sedimentation  liae  been 
absent. 

For  the  Upper  Devonian  marginal  sediments  the  problem  is 
somewhat  dinerent.  A  great  mantle  of  terreetrial  deposits 
extended  toward  the  mountaine.  The  river  grades  which 
determined  whether  erosion  or  deposition  shoald  take  place 
must  have  been  subject  often  to  minor  disturbances  of  a 
climatic  or  diaetrophic  nature.  The  disconformitiea  prodnceil 
have  been  destroyed  along  witli  the  marginal  Btrata,  out  each 
pnlee  of  erosion  on  the  margin  of  the  plain  must  have  been 
recorded  by  a  pulse  of  deposition  of  coarser  waste  toward  the 
center  of  the  Miein.  Climatic  and  diastrophic  movements  dur- 
ing and  following  the  Upper  Devonian  would  thoB  tend  to 
affect  the  margin  and  the  center  of  the  basin  in  different  ways. 
The  relation  between  the  two  will,  however,  be  treated  more 
faWj  in  a  later  part  of  the  paper. 

Degree  of  Destruction  by  the  pre-Neteark  Cycle. 

The  next  related  problem  turning  upon  ancient  baselevels 
deals  with  the  erosion  of  the  early  Mesozoic.  Sedimentation 
began  abont  the  middle  of  the  Triaesic  in  certain  tracts  of  the 
Appalachians ;  giving  rise  to  the  red  conglomerates,  sandstones 
and  shales  of  the  Mewark  group.  These  sediments  rest  upon 
floors  which  had  been  intensely  folded  and  metamorphosed 
near  the  close  of  the  Paleozoic,  as  shown  by  the  CarboniferouB 
strata  which  are  involved  in  the  Maritime  Provinces  of  Canada 
and  in  Eastern  New  England.  Further,  near  the  Susquehanna 
river  in  Pennsylvania  the  Triassic  approaches  within  ten  miles 
of  intensely  folded  Upper  Paleozoic  rocks.  Except  in  Nova 
Scotia  the  TriasEic  nowhere,  so  far  as  the  base  ie  visible,  rests 
DpOD  Devouian  rocks.  Does  that  mean  that  the  Upper  Devo- 
nian never  extended  over  the  region  now  occupied  by  the 
Triassic  of  the  United  States,  or  does  it  mean  that  snfficient 
erosion  could  have  taken  place  after  the  folding  of  the  Permian 
bnt  before  the  deposition  of  the  basal  Newark  of  the  inid-Tri- 
aaeic  to  have  removed  thousands  of  feet  of  resistaut  Devonian 
and  Silurian  formations  "i 

Light  on  this  question  may  be  gained  by  an  examination  of 
the  floor  of  the  ^  ewark  rocks.  Davis  long  since  called  atten- 
tion to  the  fact  that  the  western  contact  in  Connecticut  is  such 
an  old  floor  resurrected  by  Tertiary  erosion.  He  notes  that  it 
is  approximately  a  tilted  plain,  since  the  outcrops  extend  in  a 
nearly  straight  line,  except  where  broken  by  faults.  It  cuts 
across  greenstone  and  schist  and  granite  without  notable  deflec- 
tion. The  basal  beds  of  the  Newark  are  moderately  fine-grained 
and  are  not  the  coarse  agglomerates  which  skirt  a  rugged,  moun- 
An.  JoDE.  SCI.-F0URTH  Skribs,  Vol.  XXXTII,  Nq  217,— January,  1914, 
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tainons  upland.  The  confrlomerates  lie  moetlv-  on  the  eastern 
gide  in  Connecticnt,  prevailing  especially  in  the  higher  bedi, 
and  are  mostl}'  of  cobbles  nnder  a  fnot  in  diameter.  Tliej  indi- 
cate the  repeated  rejuvenation  of  iiills  not  far  distant  from  tbe 
present  eastern  margin  and  appear  to  mark  a  zone  of  faaltini; 
and  uplift  on  the  east  daring  the  progress  of  sedimentation  to 
the  west.  Thus,  in  a  region  of  resistant  metamorpbic  rocks, 
erosion  toward  an  early  Triassic  baselevel  had  become  lar^lj 
completed.  This  does  not  mean,  however,  that  a  smooth  plaia 
was  necessarily,  or  even  probably,  developed  across  hard  rocks. 
Minor  movements  of  the  crnst  and  the  long  time  consnmed  br 
the  last  stages  of  the  erosion  cycle  may  perpetnate  a  hilly  relief 
long  after  mountains  have  vanished.  Irregularities  in  tbe 
Triassic  boundary  in  Maseachnsetts  soggest  that  a  mature 
relief,  measured  by  hundreds  of  feet,  existed  at  the  time  of 
burial,  but  this  is  a  minor  feature  in  comparison  with  the  ero- 
sion of  thousands  of  feet  which  the  metamorphic  and  crumpled 
structures  of  the  floor  imply.  The  floor  can  be  studied  further 
in  Pennsylvania,  ou  the  southeast  side  of  tbe  Triassic.  Here 
it  is  tilted  15  to  20  degrees  northwestward  and  erosion  has  cat 
across  both  the  Newark  and  the  underlying  formations.  The 
floor  crosses  pre-Cambrian  gneiss,  Cambrian  qiiartzite,  and 
Cambro-Ordovician  limestone.  Although  the  margin  is  highly 
irregnlar  in  detail,  it  is  seen  to  intersect  hard  and  soft  forma- 
tions without  large  response  to  the  erosive  resistance  of  the 
formations.  It  is  difficult  to  eliminate  completely  the  infiaence 
of  faults  and  determine  how  much  of  the  irregnlarity  was  dae 
to  the  original  surface.  In  the  Germantown  quadrangle  of 
the  Philadelphia  folio*  the  irregularities  in  the  margin  of  the 
tilted  floor  suggest  hills  of  gneiss  rising  to  1300  or  perhaps 
1700  feet  above  the  pre-Newark  valleys,  but  on  the  other  band 
the  contact  crosses  the  broad  anticline  of  pre-Cambrian  in  the 
Phoenixville  quadrangle  for  18  miles  without  showine  an? 
greater  deflections  than  this  from  the  limestone  at  each  end. 
The  relief,  therefore,  was  not  due  to  tbe  pre-Newark  folding, 
but  was  related  to  the  hardness  of  rocks  largely  at  least  inde- 
pendent of  structure. 

It  seems  clear,  then,  tliat  the  folded  structures  of  Permian 
date  had  suffered  profoundly  from  erofiion  even  by  the  begin- 
ning of  Newark  deposition,  and  the  geology  of  the  Newark 
floor  cannot  be  used  as  an  argument  to  prove  the  absence 
of  the  Upper  Devonian  from  those  formations  which  were 
involved  m  the  Permian  folding.  If  they  were  high  above 
baseievel  they  would  have  suffered  destruction  before  the  be- 
ginning of  Newark  time.  Although  such  seems  to  be  the 
conclusion,  it  assists  in  the  conception  of  the  process  of  rapid 
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erosion  to  note  tlie  fatal  weakness  in  the  stractaree  of  the 
Appalachian  ^osyncline.  The  three  notably  resistant  forma- 
tions, the  Kittatinny,  Pocono,  and  Fottsville  formations,  are 
Eeparftted  and  underlain  hy  great  thicknesses  of  non-resistant 
rocks.  Wherever  this  series  is  exposed  to  erosion  the  rivers 
rapidly  sink  toward  baselevel  apon  the  soft  formations  and  tlie 
monn  tain- makers  become  separated  by  deep  valleys.  Each  is 
sapped  from  all  sides.  It  is  the  old  proverb — united  we  stand, 
divided  we  fall — applied  to  geology.  It  is  not  thought,  from 
other  considerations,  that  the  Upper  Devonian  ever  extended 
over  the  Connecticut  Valley.  It  is  concluded,  however,  in  the 
following  parts  of  this  article,  that,  as  shown  in  tig.  1,  it  once 
thinned  out  over  the  region  now  occupied  by  the  Triassic  in 
New  Jersey  and  Pennsylvania,  but  was  destroyed  before  the 
beginning  of  the  Newark  deposition.  The  conclusion  is  made 
more  impressive  by  noting  that  on  the  Susquehanna  River  the  Tri- 
assic rests  on  Carabro-Ordovician  limestone.  Only  eight  miles 
north  lies  the  ridge  of  Silurian  quartzite.  Beginning  with  this 
formation,  four  miles  of  strata,  including  Devonian,  Hississip- 
pian,  and  Fennsylvanian  formations,  rise  vertically  in  the 
somewhat  overturned  arch  of  the  syneline.  The  great  eleva- 
tions which  they  imply  on  the  east,  even  though  they  rapidly 
thinned  out  in  that  direction,  had  been  removed  before  the 
banning  of  Newark  time. 

"  The  Neaark  Erosion  Cycle  and  ths  Qaarizile  Conglomeratet. 

The  Newark  group  of  red  shales  and  sandstones  occur  in  a 
number  of  isolated  areas  from  Nova  Scotia  to  North  Carolina. 


The  one  which  enters  into  the  present  discussion  is  the  New 
York-Virginia  area.  This  shows  a  monoclinal  structure,  dip- 
ping northwest  at  average  inclinations  of  15  to  20  degrees,  but 
troken  by  faults.  As  interpreted  by  the  present  writer,  the 
structure  across  the  basin  durmg  sedimentation  appears  to  hare 
been  analogous  to  that  which  exists  at  the  present  time  across 
the  Great  Valley  and  Sierra  Nevada  of  California.  There, 
uplift  on  the  east,  downsinking  on  the  west  during  the  later 
Tertiary  has  given  rise  to  profound  erosion  of  the  uplifted  side 
and  transfer  of  sediment  on  to  the  sinking  floor,  A  fault  zone 
separates  the  Great  Valley,  the  downsunken  side  of  the  block, 
from  the  Coast  Ranges.  The  latter  contribute  sediment  to  the 
valley,  but  the  greater  part  comes  from  the  crystalline  rocks  of 
the  Sierras. 

The  northwestern  boundary  of  the  Triassic  rocks  is  shown 
on  the  map,  fig.  1.  On  the  north  it  lies  ten  miles  southeast  of 
the  Upper  Devonian  Skunnemunk  conglomerate  and  thirty- 
three  miles  from  the  present  Catskill  margin.  From  there  it 
trends  sonthwestward  across  the  structure,  gradually  approach- 
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ing  to  the  maiu  area  of  Upper  Devonian  until  on  the  Susque- 
hanna Hirer  it  is  on1;y  eignt  miles  distant.  Kiimmel  lias  made 
thorough  studies  ol  this  margin  as  well  as  of  the  rocks  of  the 
TriasBic*  and  shows  that  the  margin  is  in  large  part  a  fault 
boundarj,  the  strata  dipping  northwest  against  it.  Close  to 
the  margin  are  numerous  beds  of  breccia  and  conglomerates. 
The  breccias  are  derived  from  the  Carabro-Ordovician  lime- 
stones, bnt  the  pebbles  of  the  conglomerates  are  almost  entirely 
of  quartzite.  Between  the  Delaware  river  and  Pompton  the 
Triaesic  boundary  measures  65'5  miles.  Of  this,  4975  miles 
now  rest  against  gneisses  and  granites.  In  the  marginal  con- 
glomerates, however,  quartzite  conglomerate  covers  19'5  mileB, 
nmestone  conglomerate  or  breccia  975,  gneissic  conglomerate 
but  4'00  miles.t  The  total  thickness  of  the  Triassic  in  New 
Jersey,  Kiimmelj:  places  at  20,300  feet.  This  thickness  was 
determined  after  allowing  for  reduplication  by  faults  and  in 
spite  of  an  expectation  that  the  thickness  was  much  less.  Even 
if  the  existence  of  minor  faults  should  somewhat  reduce  this 
tignre,  it  is  evident  that  the  gronp  is  enormously  thick.  The 
conglomerates  occur  at  all  horizons,  but  are  extensively  devel- 
oped only  within  a  few  miles  of  the  northwestern  margin. 

At  the  time  that  Dr.  Kiimmel  made  these  studies  he  was 
inclined  to  believe  that  the  breccias  and  conglomerates  were 
the  result  of  wave  action,  but  he  has  since  come  to  the  opinion 
that  the  Kewark  series  is  of  flnviatile  origin.  The  writer  also 
has  studied  these  conglomerates  at  intervals  since  1896. 

In  order  to  shorten  the  dii»:ussion  and  pass  more  quickly  to 
the  bearing  on  the  Upper  Devonian  problem,  the  conclusions 
will  be  given  without  extended  presentation  of  the  evidence. 
The  relation  of  the  conglomerates  to  the  present  margin  shows 
that  this  was  the  margin  or  the  vicinity  of  the  margin  during 
sedimentation  also.  The  maintenance  of  this  margin  during 
such  a  thick  accumulation  of  sediment  indicates  that  it  was  a 
fault  boundary  then  as  now.  The  limestone  breccias,  holding 
angular  bowlders  usually  small  but  ranging  up  to  twelve  feet 
in  diameter,  are  to  be  interpreted  as  talus  and  wash  deposits 
from  the  immediate  vicinity.  The  waterworn  quartzite 
cobbles  show  fluviatile  transportation  for  some  miles.  Their 
volume  indicates  that  quartzite  was  the  dominant  rock  over 
much  of  northwestern  New  Jersey  during  the  Newark  sedi- 
mentation. The  present  juxtaposition  of  these  conglomerates 
against  pre-Cambrian  gneiss  shows  that  in  the  movements  of 
profound  fracturing  and  tilting  at  the  close  of  Newark  time 
the  old  fault  boundary  was  utilized  ;  the  northwest  side  moving 

"  Ann.  Rpts.  Geol.  Surv.  New  Jersey  for  1896,  189". 

tH.  JJ.  Kflmrael,  Ann.  Beport  Geol,  Snrv.  N.  J.  for  1886,  pp.  55,  56,  1897. 

JAnn.  Rpt.  Geol.  Snrv.  N.  J.  for  1887,  p.  59,  1898. 
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np  with  respect  to  the  conglomerates  and  bringing  the  pre- 
Cambrian  against  them.  In  a  few  places,  however,  the  gneisses 
had  he^un  to  be  exposed  toward  the  close  of  Newark  time  as 
shown  by  tlxe  gneissic  conglomerates  in  certain  of  the  higher 
beds  of  the   Newark. 

Tlie  conglomerates  have  been  attributed  by  various  investi- 
(jators  to  wave  origin,  or  even  to  glacial,  but  J,  Volnej  Lewis 
r^rds  the  Newark  as  essentially  a  fluviatile  formation,*  and 
J.  D.  Dana  came  to  somewhat  the  same  conclDsion.-f-  The 
present  writer  holds  the  Newark  formations  to  be  fluviatile, 
Dnt  differs  from  the  last  two  authors  cited  in  believing  that  the 
sediments  of  the  New  Jersey  area  came  largely  from  the  east, 
from  regions  now  submerged  beneatli  the  sea.  Considerable 
material  was  of  course  supplied  from  the  northwestern  fault 
wall  as  shown  by  the  quartzite  conglomerates,  but  the  gneisses 
and  granites  on  that  side  were  not  tlien  exposed  to  erosion  and 
conld  not  have  been  the  source  of  the  feldspathic  and  nius- 
covitic  debris  which  makes  up  much  of  the  Newark  rocks. 

Where  the  Triassic  floor  is  exposed  on  the  northwestern  ' 
side  of  the  basin  at  several  localities  between  the  Hudson  and 
Susquehanna  rivers  it  is  seen  to  consist  of  Cambro-Ordovician 
rocks.  After  many  thousands  of  feet  of  deposition  the  north- 
western wall  was  still  dominaotly  mantled  by  Cambro-Ordovi- 
cian limestone.  The  uplift  on  the  northwest  side  of  the  margin 
daring  sedimentation  was  therefore  moderate,  the  downthrow 
on  the  southeast  side  of  this  margin  was  very  great.  Distribu- 
tive or  step-faulting  probably  existed,  rather  than  a  single 
simple  fault,  so  that  farther  northwest  the  crust  may  have  been 
more  elevated  than  against  the  immediate  margin  of  the 
Triaesic  and  may  account  for  some  of  the  overiapping  relations 
observed  in  Pennsylvania. 

The  quartzite  conglomerates  seem  to  be  clearly  of  fluviatile 
origin  without  indications  of  contributing  glaciers.  Wherry 
has  recently  favored  the  view  that  glaciers  were  the  ultimate 
source  of  tnese  bowlders,^  but  the  cobbles  could  be  moved 
along  the  bottoms  of  rivers  such  as  those  which  now  drain  the 
AppaUichians,  and  tlieir  counterparts  could  he  fouud  in  those 
sontli  as  well  as  north  of  the  recent  glacial  limit.  They  are 
doininautly  of  one  character  in  any  one  exposure.  The 
quartzite  cobbles  are  well  waterworn,  but  such  as  are  sub- 
anfFiilar  show  commonly  that  the  suhangularity  is  the  result  of 
breakage  and  not  of  glacial  wear.     In  size  the  bowlders  aver- 

*  Tb*  Origin  and  BpUtions  of  the  Newuk  Rooks,  Ann.  Beport  U.  S.  Oeol. 
Snrv.  tvt  IftW,  pp.  99-139.  1907. 

tHuiul  of  a«olog7.  748-745,  1895. 

t  B-  T.  WheiTT :  North  boid«r  relationi  of  the  Triasaic  In  PennHjlnuia, 
Pkx!.  Acd.  N»t.  3oi.  Phitad.,  pp.  114-125, 1913. 
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age  perhaps  three  to  six  inches  in  diameter  bat  those  up  to  13 
and  15  inches  are  common.  Eight  miles  east  of  the  Delaware 
the  writer  has  noted  bowlders  from  24  to  30  inches  in  diameter 
The  quartzite  bowlders  of  this  locality  are  regarded  by  Wherry 
as  of  Silurian  origin.  No  careful  lithologicalstiidiee  have  been 
made  of  those  in  New  Jersey,  however,  to  determine  if  thej 
were  derived  from  the  Silurian  or  Upper  Deronian  forms- 
tions. 

The  size  and  the  degree  of  rounding  of  tlie  quartcite  con- 
glomerates show  that  they  have  been  carried  by  streams,  itat 
probably  in  most  esses  from  regions  within  five,  ten  or  fifteen 
miles.  Many  of  the  cobbles  indicate  distinctly  less  transporta- 
tion than  do  the  bowlders  of  the  Upper  Devonian  con- 
glomerates of  Js'ew  Jersey,  Their  volume,  their  persistence 
through  the  Newark  sediments  and  their  coarseness  in  bedi 
high  in  the  group  show  that  they  came  from  formations  of 
great  volume  which  were  progressively  elevated. 

This  discussion  of  the  geology  which  existed  during  the 
upper  Triassic  throws  hght  upon  the  extent  at  that  time  of  the 
Paleozoic  formations.  What  is  now  the  (ireat  Valley  and 
much  of  the  Arcbean  Highlands  of  Northern  New  Jersey  was 
mantled  then  by  heavy  formations  of  quartzite  of  which  the 
Green  Pond  axis  is  the  sole  isolated  remnant.  The  thorough 
cementation  of  this  quartzite  appears  to  show  that  at  the  end 
of  the  Paleozoic  it  had  been  covered  by  still  higher  formations, 
possibly  by  overtlirust.  The  volume  of  quartzite  in  this 
region  in  the  upper  Triassic  implies  an  earlier  extension  still 
farther  eastward. 

In  Pennsylvania  south  of  latitude  40°  30',  although  nearer 
to  the  present  outcrops  of  the  upper  Paleozoic,  such  a  Triassic 
mantle  of  Paleozoic  quartzite  does  not  appear  to  have  existed. 
It  is  to  be  inferred  that  the  Permian  folding  carried  it  here  so 
high  that  the  early  Triassic  cycle  of  erosion  pushed  back  the 
outcrops  to  near  the  present  line  of  vertical  emergence. 

Tht  Juraaaic  Erosion    Cycle. 

The  Jurassic  and  later  erosion  cycles  have  served  to  change 
the  areal  geology  from  what  it  was  during  the  Triassic  to  what 
it  is  to-day.  So  far  as  the  direct  application  to  the  Upper 
Devonian  problem  is  concerned,  the  chief  effect  has  been  to 
remove  such  outlying  areas  as  may  have  connected  the  present 
outcrops  in  Pennsylvania  and  New  York  with  those  ■■emaining 
in  the  Green  Pond  axis.  The  northern  limits  must  also  have 
been  greatly  restricted. 

There  is,  however,  an  indirect  reason  whv  these  post-Triassic 
cycles  should  be  treated  in  some  detail.     We  can  perceive  here 
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something  of  the  magnitude  of  the  work  and  the  degree  of 
completion  of  the  later  Meeozoie  cycles.  Thus  it  becomes 
eiHer  to  accept  the  results  arrived  at  in  res^ard  to  the  erosion 
tccomplisbed  in  the  earlier  periods.  The  diBCUssion  adds  force 
to  the  general  concluBion  re^rding  the  competency  of  erosion 
in  s  single  geologic  period  to  go  far  toward  leveline  mountain 
etructares.  The  Newark  sedimentation  was  broaght  to  a  close 
near  the  beginning  of  tlie  Jaraseic  by  a  crnstal  fracturing  on  a 
large  scale  and  a  tilting  of  the  fractured  blocks;  in  the  Con- 
necticQt  area  the  tilting  was  to  the  east,  in  the  New  York- 
Vi^ioia  area  to  the  west.  The  Newark  strata  dip  at  an  aver- 
«ge  inclination  of  15  to  20  degrees  away  from  an  axis  between 
the  two  areas.  It  is  not  known  to  what  extent  the  tilting  ex- 
tended beyond  the  present  areas  of  Newark  rocks.  Presum- 
ably between  the  two  graben  the  tilting  disappeared,  but  in  its 
place  was  a  considerable  upwarp,  implied  by  the  tilted  struc- 
tnres  of  the  two  sides.  The  npwarp,  however,  was  not 
measured  simply  by  the  amount  of  the  tilt;  since  the  fault 
movements  neutralized  more  or  less  the  geanticlinal  structure. 
Nevertheless  the  movement  was  of  a  mountainous  order  since 
individual  crust  blocks  are  many  mites  wide. 

By  the  close  of  the  Jurassic,  erosion  had  again  reduced  the 
monntains  to  a  hilly  country,  planing  across  the  entire  thick- 
ness of  the  Newark  sediments,  across  their  included  traps, 
across  the  resistant  Soor  below.  A  tilt  of  15°  to  the  previously 
level  floor  gives  an  elevation  of  1367  feet  per  mile  ;  20  degrees 
rives  1806  feet.  Areas,  miles  in  width,  of  granite-gneiss 
sloping  lit  these  inclinations  were  planed  across  in  Jurassic  time 
after  the  Newark  sediments  had  been  removed.  Then  a  mar- 
ginal downwarpiiig  of  the  continent  began  and  the  Potomac 
sediments  of  the  early  Comanche  began  to  be  laid  down  on  this 
new  floor  prepared  by  Jurassic  erosion.  Tiie  floor  was  marked 
by  hills  one  or  two  hundred  feet  in  height,  but  this  was  a 
minor  relief  in  comparison  with  that  developed  by  block  fault- 
ing and  tilting  which  marked  the  beginuing  of  the  Jurassic 
period.  This  relief  in  the  floor  of  the  Fotomac  sediments  is  of 
ench  an  order  as  may  have  been  due  to  minor  tluctations  in  the 
baselevei,  late  in  the  cycle  of  erosion. 

The  PoslJurasnc  Erosion  Cycles. 
In  discussing  the  pust-Triasaic  erosion  of  the  Appalachians, 
comRionly  no  distinction  has  been  drawn  between  Jurassic, 
Comanche,  and  Cretaceous  cycles;  it  being  assumed  that  erosion 
throughout  that  time  was  essentially  with  respect  to  one  base- 
level  and  that  the  residuals  which  have  survived  above  the 
CreUiceoQs  baselevei  to  the  present  had  previously  resisted  the 
"""'■"u  of  all  earlier  Mesozoic  times.     Such  a  view  would  lead 
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naturally  to  an  idea  in  regard  to  the  competency  of  monntaiQe 
toendnre  through  Mesozoic  time  which  would  be  hard  to  adjust 
with  the  concluBioue  ndvanced  in  this  article  regarding  tiie  large 
degree  of  the  destruction  of  relief  in  each  of  the  earlier  periods. 

The  error  in  aseuniing  one  baaelevel  and  a  single  uncompleted 
erosion  cycle  for  Jurassic,  Comanche,  and  Cretaceous  time 
can  be  appreciated  beet  by  an  examination  of  the  Coastal  plain 
in  Maryland  and  Virginia.  At  Washington  the  base  of  the 
Potomac  can  be  followed  eastward  under  the  Coastal  Plain  by 
means  of  deep  wells,  that  at  Meadows  penetrating  1511  feet 
without  entering  tlie  crystalline  rocks  below.  Irregularities  in 
the  margin  and  the  elevation  of  outliers  seem  to  show  a  relief 
to  the  floor  amounting  to  at  least  800  feet,  possibly  500  feet,  so 
that  theslope  as  determined  by  wells  is  subject  to  this  correction. 
The  larger  number  of  wells  and  their  extension  over  a  zone 
upwards  of  twelve  miles  wide  unite  in  showing,  however,  that 
the  floor  of  the  Potomac  slopes  southeastward  at  Washington 
about  112  feet  per  mile.  The  deposits  indicate  a  fluviatile 
origin  and  this  surface  represents  therefore  the  present  inclina- 
tion of  the  nearly  horizontal  baselevel  at  the  opening  of 
Comanche  time.  The  base  of  the  Cretaceous  is  a  marine  plain, 
sloping  originally  seaward  at  a  grade  of  perhaps  live  or  ten 
feet  per  mile.  It  is  now  inclined  33  feet  per  mile.  Clearly  one 
baselevel  did  not  persist  through  the  two  periods,  since  these 
two  planes  of  deposition  are  inclined  to  eacli  other  at  an  angle 
of  79  feet  per  mile. 

The  base  of  the  Potomac  is  laid  upon  the  floor  prepared  by 
Jurassic  erosion.  The  volume  of  the  Potomac  gives  some 
indications  of  the  volume  of  Comanche  erosion;  and  the  base 
of  the  Cretaceous  measures  the  warping  which  went  forward 
here  during  Comanche  time.  The  Potomac  group  is  given  in 
the  Patuxent  folio  as  from  540  to  possibly  666  feet  thick  in 
the  region  of  its  outcrop.  In  the  deep  well  at  Fortress  Monroe, 
66  miles  east  of  the  margin  of  the  coastal  plain,  it  is  given  in 
the  Norfolk  folio  as  1300  feet  in  thickness.  As  the  I*otomac 
group  consists  of  freshwater  deposits,  the  sediment  must  have 
been  more  than  sufficient  to  KU  the  downwarping  on  the 
southeast*  and  implies  a  Comanche  uplift  to  the  nortiiwest  so 
great  as  to  separate  completely  the  Jurassic  and  Cretaceous  base- 
ievels.  Most  of  the  residuals  above  the  Cretaceous  peneplain 
probably  lie  below  the  Jurassic  baselevel  of  erosion  and  do  not 
imply  therefore  their  continuous  endurance  above  baselevel 
since  the  Permian  nor  even  since  the  close  of  Triassic  time. 

The  complete  peneplanation  of  softer  formations  during 
Cretaceous   time   aud    the   large   attacks   made   even   on  tfae 
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miatant  areas  is  the  product  in  very  large  part  of  Cretaceous 
eroeioD.  The  fair  degree  of  preservation  of  tliat  plain  npon 
tbe  resistant  rocks  and  the  present  broadly  mountainous  cbaracter 
of  the  Appalachians  are  doe  largely  to  lllie  cpmparative  recency 
of  the  last  strong  npward  movements,  which  appear  to  date 
from  the  close  of  the  Miocene.  The  precioae  moderate  uplifts 
of  the  early  Tertiary  had  not  given  the  rivers  sufficiently  steep 
grades  to  attack  vigoroaely  the  regions  of  resistant  roi^ks, 
eepeciatly  those  situated  near  their  headwaters. 

We  look  in  vain  in  the  Appalachians  for  the  mountains 
made  by  the  original  folding.  It  was  once  thought  that  their 
time-worn  slopes  rose  still  lirom  the  present  valley  floors,  even 
where  tbe  folding  dated  from  the  close  of  the  Ordovician. 
Then  it  was  seen  that  most  of  the  Appalachian  moantains  were 
tbe  remnants  of  a  dissected  plateau  which  had  in  the  late 
Hesozoic  been  a  plain  of  erosion  lying  near  the  level  of  the  sea. 
The  tnoantaina  existing  from  the  Appalachian  revolution  were 
then  regarded  as  those  higher  masses  rising  in  isolated  groups 
above  tue  plateau.  But  with  farther  aearching  the  mountains 
of  even  Permian  folding  are  found  to  recede  continually  like 
the  proverbial  foot  of  the  rainbow. 

Absence  of  Structural  Jtelationa  bettteen  Pretent  and 
Original  LimiU. 

As  discussed  under  the  subject  of  erosion  cycles,  the  ten- 
dency in  the  past  has  been  to  draw  tiie  original  boundaries  of 
formations  not  far  beyond  the  present  limiting  outcrops,  even 
where  sucli  a  conclusion  is  not  suggested  by  the  nature  of  the 
strata;  the  mind  is  dominated  by  that  which  remains  in  evi- 
dence; tliat  which  is  eroded  is  no  longer  visible  to  testify  to 
its  former  extent.  In  the  case  of  folded  structures  now  ei-oded 
Willis,  as  an  outgrowth  of  his  work  on  initial  dips  and  their 
supposed  relation  to  folds,  has  crystallized  this  relationship  of 
outcrop  to  original  limits  inore  definitely  and  strictly  than  have 
other  geologists.  Under  the  subject  of  initial  dips,  he  argues 
that  a  line  of  downwarping  during  sedimentation  determmes 
tbe  axis  of  a  syncline  during  future  compression;  an  upwarp- 
ing,  the  axis  of  an  anticline.*  In  applying  this  to  the  problem 
of  ancient  shore  lines  he  states  : 

"  The  decided  dip  from  the  shore  seaward  is  in  a  positiun  to  be 
flbarply  upturned  ;  it  may  become  vertical  or  overturned.  In 
thii  poBitiOD  it  may  become  eroded  to  great  depth  without  much 
chftDge  in  the  position  of  its  outcrop,  which  remains  marking 
approximately  the  ancient  shore  line."  f 

*D.  S.Gaol.  Sdtt..  18th  Add.  Report.  Pt.  II.  pp.  26a-363,  1S»8. 

tBslitioDft  of  svDclinei  of  depoaitioD  to  ancieot  Bbor«  linea,  Am.  Geo!., 
'Iii.p.l41,  1894. 
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In  accordance  with  tliis  view  he  draws  the  Upper  Devoiiian 
shore  line  through  Pennsylvania  within  from  one  to  five  miles 
of  the  present  [imitin^  ontcrops,*  following  them  so  closely 
that  a  peninsula  of.  land  live  miles  wide  is  shown  extending 
into  his  Upper  Devonian  sea  in  that  i-egion  now  highly  foldea 
and  lying  between  the  Susquehanna  and  Jnniata  Rivers.  Tet 
the  outcrops  rnnnintr  so  closely  parallel  and  adjacent  through 
Pennsylvania  to  these  postulated  shore  lines  are  from  6000  to 
9000  feet  in  thickness. 

The  truth  or  error  of  this  principle  proposed  by  WilliB  for 
the  determination  of  ancient  shore  lines, — or  better  stated,  for 
the  determination  of  the  original  margins  of  sedimentary  for- 
mations, since  they  need  not  l)e  necessarily  shores, — is  of  crit- 
ical importance  in  paleogeography  in  general  and  in  the 
interpretation  of  the  Upper  Devonian  of  this  region  in  partic- 
ular.   It  therefore  requires  detailed  discussion. 

Tirst  mnst  be  considered,  the  validity  of  the  supposed  rela- 
tion of  initial  dips  to  the  resulting  folded  structures.  On  the 
map  (fig.  1,  p.  89)  it  is  seen  tliat  the  anthracite  syncHnoriiim 
corresponds  fairly  well  to  the  region  of  greatest  thickness  of 
the  Upper  Devonian.  It  may  be  granted  that  such  great 
lenses  of  sediment,  by  producing  a  downwarp  in  a  deeper  com- 
petent stratum,  predispose  the  structure  to  form  a  synclino- 
rium,  and  the  formations  below  and  above  emphasize  that 
tendency.  The  north-sonth  anticlinoriura  between  Long.  77" 
and  78°  does  not  show,  however,  such  a  predetermination,  and 
in  regard  to  the  individual  folds  it  would  seem  that  the  com- 
petence of  the  beds  and  the  necessities  of  mutual  adjustment 
between  folds,  not  to  speak  of  jxissible  deeper  forces  acting 
from  below,  mnst  completely  overshadow  slight  local  variations 
in  initial  dip.  This  skepticism  regardingsnch  supposed  detwled 
relations  is  not  controverted  by  any  data  tlius  far  published. 

If  an  examination  of  Willis'  original  article  be  made,  it  will 
be  seen  that  he  repeatedly  notes  a  somewhat  indeterminate 
nature  of  the  field  data.  Furthermore,  his  discussion  start* 
with  the  assumption  that  the  shore  of  Appalachia  was  near  at 
hand.+  In  regard  to  both  Masaanntten  and  Bays  Mountains  all 
that  the  data  show  is  a  thinning  of  the  strata  to  the  west,  not 
a  maximnm  thickness  under  the  synclines.  But  postulating  a 
shore  a  few  miles  east  gives,  of  course,  the  necessary  initial  dip. 
This  reasoning  in  a  circle  was  not  obvions  to  such  a  keen  thinker 
as  Willis  because  everyone  held  tiiat  the  shore  was  nearby,  and 
that  which  is  the  general  dictum  tends  to  be  viewed  in  time  as 
a  proven  fact.  As  to  the  data  used  in  Pennsylvania,  it  does 
not  seem  that  liere  either  is  demonstrated  a  real  relationship 
ol.  iv,  PI.  VII,  1900. 
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between  variations  in  original  thickness  and  the  locations  of 
individual  folds.  Tlie  data  show  a  general  tliickening  from 
the  northeast  end  of  the  anthracite  synclinorium  toward  the 
Sneqnehanna  Kiver  and,  more  rapidly,  from  the  northwest 
toward  the  sontheast.  There  are  certain  irregularities  in  the 
rariatioDB,  some  of  them  real,  some  of  them  due  to  the  imper- 
fections in  measurement.  On  p.  257  and  in  Pi.  XL VIII  of 
the  article  cited,*  for  example,  the  thickness  in  column  1  would 
be  about  1400  feet  greater  if  the  measurements  of  il.  M.  Chance 
had  been  used  iastead  of  those  by  Slierwood.  Further,  the  dia- 
grams of  Pis.  LXVIII  and  LXIX  can  be  interpreted  as  ahow- 
ine  no  relationships  between  initial  dips  and  the  individual 
folds,  an  interpretation  opposite  to  that  which  is  giren. 

As  another  angle  of  approach  to  the  present  topic  of  rela- 
tionship between  structure  and  original  sedimentary  limits, 
the  Appalachians  may  be  cornered  to  the  larger  plans  of  the 
Tertiary  mountain  chains  of  Enrasia.  From  tliem  Suess  has 
shown  that  in  the  typical  mountain  range  tiie  folds  are  over- 
turned and  overthrust  in  a  convex  arc  open  a  foreland  plain. 
The  complexly  folded  and  uplifted  zone  is  an  anticlinoriuro. 
If  this  foreland  becomes  crumpled  and  depressed  it  constitutes 
a  synclinoriiim, — to  use  these  terms  as  defined  by  Van  Hise. 
The  synclinorium  tends  to  lie  in  front  of  the  aiiticlinorium  and 
to  dip  beneath  it.  The  overthrust  acts  through  the  uplifted 
mass,  not  from  the  ocean.  The  depressed  mass  is  andcrthrust, 
the  two  tending  to  slide  past  each  otiier.  The  Juras  and  the 
Great  Valley  of  Switzerland  with  its  ranges  of  Molasse  hold 
each  a  relation  to  the  Alps;  the  sub-Himalayas  to  the  Hima- 
layas. In  both  cases  these  synclinoria  contain  upper  strata 
made  from  the  debris  of  the  Urst  foldings  of  the  anticlinoria 
and  have  been  added  to  the  mountain  system  by  a  secondary 
period  of  folding.  Tlie  mountains  have  grown  by  adding  the 
marginal  foreland. 

After  profonnd  planation  across  the  system  the  anticlinorium 
will  show  older  and  originally  deeper  rock  formations,  the 
synclinorium  those  which  were  younger.  To  what  extent 
then  may  we  argue  that  these  younger  formations  never  existed 
upon  the  anticlinorium  and  that  the  steep  or  overturned  limb 
between  them  is  tite  original  boundary  of  the  sediments^  The 
answer  is  best  given  by  the  study  of  the  Tertiary  mountain 
systems,  since  evidence  of  the  original  distribution  of  the  strata 
is  in  many  examples  not  yet  wholly  destroyed.  The  Alps  and 
other  Eui'asian  ranges  show  involved  in  their  higher  ranges 
great  thicknesses  of  Mesozoic  I'ocks.  Upon  erosion  to  near  the 
baeelevel  these  would  doubtless  be  in  large  measure  destroyed 
•U.  S.  Geol.  Sarv.,  13tb  Ann.  Report,  Pt.  11. 
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and  the  anticUoorium  would  show  a,  complex  of  older  and  crys- 
talline rockB  thrnst  over  the  Meeozoic  and  Tertiary  formationB 
on  the  flanks. 

In  the  Rocky  Mountain  Bystem  examples  of  sedimentary 
mantles  may  be  seen  in  the  Bighorn  Mountains,  the  Snowy 
Mountains  north  of  the  Yellowstone  Park,  and  in  other  ranges. 
The  formations  which  can  be  asserted  never  to  have  existed 
on  the  Kocky  Mountain  ranges  are  in  general  those,  like  the 
Laramie  and  the  Tertiary,  which  have  been  deposited  after  the 
mountains  began  to  grow  and  show  by  their  nature  that  they 
were  derived  from  the  mountain  waste.  Yet  if  these  Cordil- 
lerau  movements  had  taken  place  in  the  Paleozoic,  eroeion 
would  since  have  widely  removed  the  pre-orogenic  sedimentary 
formations  from  the  r^ions  of  uplift  and  an  application  of 
this  principle  nsed  by  Willis  would  result  in  the  drawing  of 
Paleozoic  and  Mesozoic  sliore  lines  where  none  existed. 

We  may  turn  next  to  the  Appalachians  and  interpret  them 
according  to  these  other  examples.  The  folds  of  the  Great 
Valley  dip  southeastward,  nnderthrnst  beneath  the  older  and 
metamorphosed  terranes  which  constitute  the  Appalachian 
mountains  and  the  Piedmont  Plateau.  The  metamorphic 
province  is  structurally  an  anticlinoruim  which  received  its 
overthrustfrom  tlie  back-land  of  Appalachia.  The  Great  Val- 
ley, with  its  parallel  ranges  and  fragments  of  plateaus,  is  the 
eynclinorinni.  But  the  erosion  surfaces  of  Mesozoio  and  Ter- 
tiary origin  bevel  across  both  provinces,  recognizing  only  the 
hardness  of  the  formations  and  showing  only  secondary  rela- 
tions to  the  rock  structures.  From  the  analogy  of  other 
mountain  systems  it  cannot  be  lield  that  the  formations  now 
restricted  to  the  Great  Valley  have  never  existed  beyond  it. 
The  geosyiicline  of  deposition  and  the  synclinorium  of  folding 
are  not  synonymous,  nor  coincident  in  outline.  Those  parts  of 
the  higher  formations  lying  on  the  anticlinorinm  would  have 
been  destroved  before  the  preseut  time  because  of  upthrnst  to 
elevations  higher  than  the  now  remaining  mountains.  The 
coarse  and  thick  sediments  of  the  later  Paleozoic  show  that 
extensive  movements  took  place  in  Appalachia.  But  these 
movements  may  have  been  east  of  the  present  Atlantic  coast 
line  and  the  mantles  of  waste  to  which  tnese  movements  Mve 
rise  may  have  extended  far  east  of  the  present  outcrops.  How  . 
far  is  to  be  determined  later. 

Let  a  supposed  relation  between  the  synclinorium  of  the 
Great  Valley  and  the  original  limits  of  the  Upper  Devonian 
be  tested  further  by  applying  the  same  principle  to  the  still 
uneroded  portions  of  other  Appalachian  formations.  It  will 
be  observed  that  erosion  to  sea  level,  the  completion  of  the 
present  cycle,  would  remove  the  Pocono  sandstone  from  the 
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whole  northern  balf  of  Pennsylvania.  East  of  the  Allegheny 
plateau  it  tvodM  oatcrop  only  in  the  steep  limbs  of  the  anthra- 
cite eyncHnes,  to  the  northeast  the  whole  of  the  Pocono  plateaa 
becoinint;  removed.  Following  this  principle  of  Willis,  oar 
distant  descendants  would  ai^ue  therefore  from  the  limits  of 
the  outcrops  that  the  Pocono  sandstone  in  eastern  Pennsyl- 
rania  was  a  local  deposit  confined  to  the  anthracite  coal  basins. 

As  another  illustration, — between  the  New  Jersey  Coastal 
plain  and  the  bold  Silurian  outcrop  known  as  the  Kittatinny 
or  Shawangunk  mountain  is  an  intensely  folded  and  faulted 
region  50  to  60  miles  in  width,  now  occupied  by  considerable 
areas  of  Cambro-Ordovician  limestones  and  slates.  Erosion  of 
the  Appalachian  province  to  another  mile  in  depth  would 
destroy  moat  of  these  rocks  and  perhaps  even  the  most  deeply 
infolded  remnants.  Their  easternmost  outcrops  would  then 
appear  on  the  steep  walls  of  the  synclinorium  of  the  Appa- 
lacnian  valley.  The  inhabitants  of  the  earth  in  such  a  period 
would,  if  they  followed  the  principle  which  is  here  under  criti- 
cism, declare  that  the  Ordovieian  seas  never  encroached  east- 
ward beyond  this  margin. 

To  come  to  the  Tipper  Devonian  formations  in  particular, — 
their  gradations  in  thickness  across  the  geoaynetine  are  beat 
revealed  in  southern  Pennsylvania.  Proceeding  from  the  west 
to  the  east, — at  the  Allegheny  Monntain  front  they  measure 
6000  feet ;  around  the  isolated  Broad  Top  coal  basin  between 
7000  and  8000  feet,  in  the  southern  anthracite  basin  over  9000 
feet.  Consequently  the  suggestion  both  from  the  changes  in 
thickness  as  well  aa  the  nature  of  the  sediments  is  that  they 
fornaerly  extended  an  unknown  distance  to  the  eastward.  The 
original  baein  has  been  uplifted  on  the  east  and  the  Upper 
Devonian  formations  eroded  back  to  the  region  of  their  maxi- 
mum  thickness.  How  far  eastward  and  southeastward  these 
formations  once  extended  must  be  estimated  from  other  lines 
of  evidence : — the  internal  evidence  given  by  the  sediments 
now  remaining,  and  the  external  evidence  as  to  adequate 
sources  of  supply  for  the  original  volume  of  the  Upper 
Devonian  waste. 

[To  b«  coDtinaed.] 
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SCIENTIFIC    INTELLIGENCE. 
I.    Chemistry  and  Physics. 

1.  The  Behavior  of  the  Radio-Elemente  in  Precipitation  Reac- 
tions.— Fajanb  and  Bkek  have  discussed  thin  matter  in  connec- 
tion with  some  investigations  of  their  own.  The  conclusion  bu 
been  reached  by  recent  researches  that  the  radio-elements  fall 
into  gronps  or  pleiads,  usually  accomjianying  an  ordinary  element 
which  may  be  called  the  chief  element.'  According  to  all  expe- 
rience the  radio-elements  of  such  a  group  are  not  separable  hy 
chemical  means  from  the  chief  element,  and  their  proportions 
remain  unchanged  when  this  element  is  subjected  to  fractiona- 
tion. For  instance,  there  ia  a  group  corresponding  to  lead, 
another  to  thorium,  another  to  tellurium,  and  so  on. 

The  authors  consider  particularly  the  precipitations  of  radio- 
elements  in  cases  where  the  chief  element  is  absent.  If  they  are 
chemically  identical  with  the  chief  element,  they  should  be  pre- 
cipitated along  with  any  common  element  by  means  of  any 
reagent  which  would  also  precipitate  the  chief  element  in  case  it 
were  present,  and  this  appears  to  be  their  behavior.  For 
instance,  radium  E,  which  goes  with  bismuth,  is  precipitated 
almost  quantitatively  (when  bismuth  is  absent)  along  with  barium 
carbonate,  lead  sulphide,  copper  sulphide,  cerium  hydroxide, 
barium  sulphate  in  very  weakly  acid  solution,  and  by  metallic 
tellurium  formed  by  the  action  of  stannous  chloride  in  weak 
acid  solution,  but  it  is  not  precipitated  with  bariam  sulphate  in 
strongly  acid  solution,  nor  with  lead  sulphate,  nor  with  metallic 
arsenic  precipitated  by  stannous  chloride.  Since  bismuth,  if  pres- 
ent in  weigbable  quantity,  would  behave  in  the  same  way,  it 
appears  that  the  radium  E,  although  it  was  prtsent  at  the  very 
great  dilu-  tion  of  about  lo~"  moles  per  liter,  followed  precisely 
the  bismuth  reactions. 

The  authors  discuss  the  matter  much  further  and  conclude  that 
previously  assumed  adsorption  phenomena  have  little  to  do  with 
the  precipitation  of  the  radio-elements.  They  believe  also  that 
the  chemical  character  of  such  radio-elements  as  are  not  identical 
with  any  common  element  may  be  shown  by  their  behavior  in 
precipitations. — Beriohte,  xliv,  3486.  h.  l.  w. 

2.  A  New  Source  ofGalliion. — This  metal,  which  was  discovered 
by  Lecoq  de  Boisbaudran  in  1B75  in  zinc  blende,  has  been  detected 
spectroscopically  in  various  rocks  and  mineral  waters  since  the  time 
of  its  discovery,  but  there  has  been  no  material  found  which  would 
furnish  a  convenient  supply  of  this  very  rare  element.  It  required 
4300  kg.  of  blende  to  furnish  63  g.  of  the  metal  at  the  time  of  Boii- 
baudran's  investigations,  a  yield  of  otily  about  O-OOIS  per  cent. 
Bardei.  and  Boulanoer  have  now  detected  gallium  in  samples 
of  commercial  aluminium,  and  the  spectroscopic  indications  of  its 
presence  were  so  strong  that  they  undertook  its  extraction  from 


DcillizedoyGOOJ^IC 


Chemistry  and  Phytiea.  Ill 

this  eonrce.  From  about  2  Vg.  of  the  metal  tbey  obtained  nearly 
4  decigraiDfi  of  gallium,  or  a  yield  of  nearly  '02  )>ercent.  Uafor- 
tonately  tbe  authors  describe  their  method  of  extraction  only  very 
vaguely.  They  say  tbat  tbe  aluminium  was  treated  with  hydro- 
chloric acid,  that  the  impurities  were  separated  by  means  of 
hydrogen  sulphide,  either  in  hydrochloric  or  acetic  acid  solution, 
and  that  the  separation  was  repeated  several  times.  Probably 
tbe  gallium  was  precipitated  with  the  sulphides  obtained  in  acetic 
acid  solution,  and  thus  separated  from  aluminium,  but  this  point 
is  not  made  clear. —  Compte*  Rendua,  c\\\i,  718.  i).  t.  w. 

3.  Aminoniuin  Peroxidet. — A  number  of  years  ago  tbe  coro- 
ponnd  NH.OjH  {or  NH,,HOJ,  ammonium  hydro-peroxide, 
was  prepared  by  Melikoff  and  Pissarjewski.  Recently  D'Ans 
and  Wkdig,  by  passing  dry  ammonia  into  a  solution  of  98  per 
cent  hydrogen  peroxide  in  absolute  ether,  at  a  temperature  of 
about  —10°  C,  have  obtained  at  iirst  beautiful  tranitpBrent  crys- 
tals of  the  compound  mentioned  above.  When  more  ammonia 
»a»  passed  in,  the  crystals  melted  and  a  heavy  oily  layer  settled 
out  of  the  solation.  The  ether  iben  contained  much  ammoninm, 
but  only  traces  of  hydrogen  peroxide.  The  oily  layer  soliditied 
with  difficulty  at  —40°  C,  and  the  crystals  thus  formed  were  found 
to  be  in  the  new  compound  (N  H,),0,,  or  ammonium  peroxide. 
This  compound  readily  loses  ammonia  with  the  formation  of  the 
other  peroxide. — Bertckte,  ilvi,  3075.  h.  t,.  w, 

4.  Tite  Poison  of  Toad». — Wikland  and  Weil  have  succeeded 
in  obtaining  in  a  pure  condition  the  poisonous  principle  excreted 
from  the  glands  in  the  skin  of  toads.  They  employed  the  skins 
of  2000  toads  and  extracted  the  crude  substance  by  a  long  series 
of  operations,  obtaining  about  20  g.  of  it.  This  amorphous  prod- 
uct bad  been  obtained  previously  and  named  bufotalin.  It  was 
known  to  be  free  from  nitrogen,  like  the  snake  poisons.  The 
present  investigators  were  able  to  purify  the  product  and  obtained 
it  in  the  form  of  beautiful,  transparent,  colorless  crystals.  It 
was  found  to  have  the  composition  0„H,,0,,  to  be  optically  active 
and  neutral  in  its  reaction,  By  a  study  of  its  chemical  behavior, 
a  considerable,  but  not  complete,  knowledge  of  its  structure  was 
obtained, — Beric/Ue,  xlvt,  3315.  a.  l.  w. 

5.  Quantitative  Analysis  in  Practice;  by  John  Waddell, 
8vo,pp.  162.  Philadelphia,  1913  (P.  Blakiston's  Son  A  Co.  Price 
11.25  net). — This  book  presents  an  introductory  course  of  anal- 
Tiis  designed  for  colleges  and  universities.  Very  fall  and  excel- 
lent directions  are  given  for  the  exercises  for  practice,  which, 
aft«r  the  complete  analysis  of  barium  chloride,  magnesium  sulphate, 
and  calcium  carbonate,  consist  chiefly  of  technical  analyses  of 
ores  and  a  few  other  commercial  products.  Much  good  advice  is 
given  in  connection  with  the  operations.  There  is  a  section  de- 
voted to  the  inculcation  of  honesty,  which  might  well  be  made  even 
more  emphatic ;  accuracy  and  speed  are  also  discussed,  and  a  very 
good  featnre  of  the  book  is  the  statement  of  the  time  that  should 
be  required  for  each  analysis.     It  is  inevitable  that  there  should 
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be  differences  of  opinion  among  teachers  of  analjtieal  cfaemislry 
in  regard  to  Home  of  tbe  details  of  the  operations,  as  well  as  the 
choice  of  metbodK,  and  the  selectioa  of  the  eierciscs  for  practice. 
The  book  under  consideration,  therefore,  may  not  be  satisfactoij 
in  all  respects  to  every  teacher,  although  there  is  no  doubt  that  it 
presents  a  very  satisfactory  course  of  work  for  students  in  the 
subject.  M.  L.  w. 

8.  The  Constitution  of  Matter ;  by  Johepu  S.  Ahbs.  Pp.  r, 
242,  Boston,  1013  (HoQghtou,  MiflSin  Co.).— In  this  book  is  pre- 
sented the  subject-matter  of  a  course  of  six  lectures  delivered  by 
the  author  at  the  Northwestern  University,  in  February,  1913,  on 
the  Norman  W.  Harris  Foundation.  Some  idea  of  tbe  grontid 
covered  and  of  tbe  setjuence  of  material  discussed  may  be  obtained 
from  the  following  titles  of  the  ri-spective  lectures: — "  I,  General 
Properties  of  Matter  ;  Mass.  II.  Corpuscles  and  Atoms  ;  Electri- 
cal Ma^?.  III.  Radio-activity;  tiraviiation.  IV.  Radiation; 
Formation  of  Molecules;  Elasticity.  V.  Properties  of  Metals; 
Thermionics;  Ma<^netism.  VI.  Models  of  Atoms  ;  Conclusions." 
Since  the  majority  of  the  audiences  consisted  of  people  unfamiliar 
witb  both  the  facts  and  the  methods  of  science,  the  manner  of 
presentation  is  necessarily  elementary  and  non -mathematical 
Although  the  task  of  preparing  such  a  series  of  lectures  under  the 
given  conditions  was  undoubtedly  a  very  diSicult  one,  neverthe- 
less the  text  is  unqualiliedly  accurate  and  unusually  lucid,  which 
is  just  what  would  have  been  expected  from  the  master  hand 
which  wrote  it.  If  tbe  general  reader  w<lutd  acquire  his  knowl- 
edge of  scientific  subjects  fi'om  books  of  this  reliable  type  instead 
of  from  newspapers  and  magazines,  he  would  obtain  correct 
impressions  and  perspective  and  would  be  more  than  repaid  in 
efficiency  for  the  extra  time  and  thought  expended.         u.  a.  ir. 

7.  MecAanice  of  Particles  and  Rigid  Bodies;  by  J.  Phbscott. 
Pp.  viii,  535,  with  S19  figures.  London,  1013  (Longmans,  Green 
and  Co.). — The  motives  which  actuated  the  publication  of  this 
volume  are  clearly  stated  in  the  following  sentences  which  are 
<juotcd  from  the  author's  preface  :  "  Tbe  people  whose  needs 
were  most  considered  when  this  book  was  being  written  were  sin- 
denlB  aiming  for  a  pass  degree  at  a  British  university."  "The 
booK  covers,  I  think,  all  that  they  will  require  in  the  subject  of 
applii^d  mechanics  except  hydrostatics."  "  The  book  has  a  utili- 
tarian bias  which  should  make  it  useful  to  the  engineering  stu- 
dent, and  I  hope,  at  the  same  time,  interesting  and  live  to  the 
science  student." 

The  subject-matter  is  divided  into  three  Parts  entitled  respec- 
tively :  "Statics"  (l>39  pages),  "Dynamics  of  a  Particle"  (161 
pages),  and  "  Dynamics  of  a  Rigid  Body  "  ( 120  pages).  The 
Calculus  is  used  throughout  and  an  appendix  on  conies  immedi- 
ately follows  the  last  chapter.  A  special  feature  of  the  book  con- 
sists in  tbe  relatively  large  number  (60T)  of  problems  for  solution 
by  tbe  student,  which  are  collected  in  groups  at  the  ends  of  tbe 
chapters  to  which  they  pertain.  Many  of  these  exercises  have 
been  taken  from  "  Honours,"  B.Sc,  and  other  examination  papers. 
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and  the  answers  are  given  wilh  but  few  exceptions.  The  text- 
figures  and  type  are  clear  and  emphasis  is  indicated  by  the  judi- 
cious use  of  italics.  Also,  at  the  close  of  the  volume,  some  useful 
numerical  data  and  an  index  are  given.  The  book  is  doubtless 
admirably  adapted  to  the  needs  of  British  students  but  it  gives 
the  impression  of  being  too  extensive  and  detailed  for  the  require- 
ments of  moat  colleges  in  the  United  States.  h.  b.  v. 

8,  An  Elementary  Treatise  on  Calculus;  by  William  S, 
Fbaskliji,  BiKBT  MacNutt  and  Roi-lin  L.  Ciiakles.  Pp.  x, 
S»4,  with  J  79  figures.  South  Bethlehem,  1&13  (The  Authors).— 
Teachers  of  physics  often  find  that  students  who  can  apply  with 
ease  the  operations  of  the  calculus  to  the  solution  of  formal, 
analytical  questions  are  altogether  at  sea  when  it  becomes  iieces- 
sary  to  work  out  even  a  simple  problem  of  a  practical  nature. 
The  authors  have  not  only  experienced  this  difficulty  but  they 
have  written  and  printed  a  book  which  is  especially  designed  to 
meet  the  exigencies  of  the  case.  In  view  of  the  apparently  radi- 
cal and  unorthodox  nature  of  the  text  the  volume  has  not  yet 
beeD  given  to  a  publishing  house  but  has  been  printed  tentatively 
in  order  to  find  out  whether  a  widespread  need  for  reform  is  felt 
by  other  Huccessful  teachers  of  the  subject. 

The  guiding  principle  of  the  presentation  is  expressed  as  fol- 
lows: "We  believe  that  the  most  important  thing  in  the  teaching 
of  calculus  is  to  lead  the  student  to  a  clear  understanding  of 
principles."  "  Therefore  our  chief  endeavor  has  been  to  devfelop 
the  subject  as  simply  and  as  directly  as  possible."  This  has  been 
accomplished  by  teaching  the  student  to  think  clearly  about  the 
meanings  of  the  operations  which  he  performs  and  not  to  effec- 
tively treat  the  calculus  as  a  mathematical  game  which  is  played 
with  symbols  according  to  certain  rules  and  regulations.  For 
illustration,  the  subject  of  integration  is  introduced  by  calling 
attention  to  the  fact  that  such  familiar  instruments  as  cyclom- 
eters and  watt-hour  meters  are  integrating  machines.  A  dis- 
cussion of  the  Amsler  planimeter  is  then  followed  by  an  example 
of  "  integration  by  steps"  in  connection  with  a  speed-time  curve 
of  an  electric  car.  After  nine  pages  of  this  kind  of  prepara- 
Uon  the  subject  of  algebraic  integration  is  begun.  The  definition 
of  a  differential  equation  is  wisely  presented  as  early  as  page  31. 
Chapter  VII  (pp.  I88-I8B)  deals  with  "  Some  Ordinary  Differen- 
tial Equations  "  and  chapter  VIII  (pp.  190-200)  is  entitled  "  The 
Partial  Differential  Equation  of  Wave  Motion,"  The  final  chap- 
ter (IX,  pp.  210-253)  18  on  "  Vector  Analysis."  There  are  three 
appendices  comprising  respectively  problems,  a  table  of  integrals, 
and  a  commentated  list  of  some  important  books  on  mathematical 
theory.  To  sum  up,  tbls  text  amounts  to  a  homogeneous  mixture 
of  the  calculus,  differential  equations,  vector  analysis,  physics, 
and,  above  all,  common  sense.  At  present  there  are  a  great  many 
errors  in  the  numerical  answers  to  the  problems  but  these  will 
doubtless  be  eliminated  before  final  publication.  The  only  way 
to  get  a  correct  idea  of  the  contents  of  this  admirable  hook  is  to 
procure  a  copy  and  read  it  entirely  through,  as  the  reviewer  has 
done.  H.  s.  u. 
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11.     Geology  and  Natcbal  IIisTORr. 

1.  Conemangh  formation  in  Ohio;  by  D.  Dale  Coxdit  and 
Claba  Gould  Mask.  Geo).  Surv.  Ohio,  4th  uriea,  Bnll.  IT, 
363  pages,  16  plates,  1912  [not  received  at  New  Haven  nntil 
July,  1913].— This  eicellent  work,  a  model  in  atratigripby. 
describee  the  general  and  detailed  sequence  with  the  local 
faunas  of  the  Coocmaugh  formation  throughout  eastern  Ohio. 
The  Conemangh  lies  high  in  the  Pennaylvanian  system  and  has  a 
thicknesB  varying  between  355  and  500  feet.  The  irregular 
deposition  of  the  various  sandstones  and  their  cbannelingthruDgh 
the  other  deposits,  io  the  main  of  marine  waters,  and  the  pecu- 
liar limestone  "  desiccation  conglomerates  "  are  clearly  brought 
out.  The  fossils  of  the  various  limestones  have  been  kept  apart 
and  carefully  determined  and  tabulated  by  Mias  Mark.  The 
plates  of  foBnils  are  the  work  of  Mr.  Barkentin.  The  total  num- 
oer  of  Conemaugh  named  species  is  162,  of  which  12  are  nev. 
The  many  diminutive  bivalves  and  gastropods  and  the  abundance 
of  Fusulina  are  features  of  these  faunules. 

The  Conemangh  "consists  mostly  of  sandstone,  sandy  shale 
and  clay,  much  of  which  has  a  reddish  brown  color.  Coal  seams 
and  limestones  are  few  and  thin.  All  of  the  beds  are  character- 
ized by  lack  of  persistence,  and  vary  greatly  as  to  thickness  and 
appearance  from  place  to  place.  Local  erosion  planes  and  uncon- 
formities of  small  magnitude  are  extremely  abundant  and  occur 
at  all  horizons.  These  hiatiues  are  shown  by  conglomerates  and 
truncated  strata.  Frequently  the  material  of  the  conglomerates 
can  be  traced  to  some  nearby  fossiliferous  limestone  bed  or  coal 

"Much  of  the  lower  half  of  the  Conemaugh  formation  is  of 
marine  origin  and  has  a  number  of  fossiliferous  borisons.  The 
highest  fossil -be  a  ring  beds,  lying  a  little  above  the  middle,  mark 
the  final  invasion  of  the  sea  into  the  Appalachian  baain.  All 
overlying  strata  lack  forois  of  undoubted  marine  origin  ;  their 


fosnils  being  mostly  plant  remains,  certain  minute  fossils,  sncb  as 
Spirorbis,  ostracods  and  gastropoda,  generally  regarded  as  fresh- 
water, together  with  occasional  tish,  amphibian  and  reptilian 
bones.  Insect  remains  are  sometimes  found  well  preserved  in  the 
shales.  The  marine  limestones  of  the  lower  half  of  the  formation 
are  the  most  persistent  and  lithologically  uniform  beds,  but  even 
these  have  suffered  contemporaneous  erosion  and  locally  failed 
to  form,  owing  to  unfavorable  conditions,  such  as  the  presence  of 
ahoals  in  the  sea  and  continuous  sedimentation  from  rivers"(15). 
"  It  is  undetermined  whether  the  retreat  of  the  sea  snbseqaent 
to  the  formation  of  each  fossiliferous  limestone  was  due  to  eleva- 
tion of  the  region,  or  whether  there  was  a  progressive  subsidence 
so  pronounced  at  times  as  to  produce  a  temporary  encroachment 
of  the  sea  with  intermittent  pauses  of  sutficient  length  to  permit 
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a  return  of  freshwater  conditions.  The  westward  thinning  of  the 
strata  in  Ohio  suggests  derivation  of  the  materials  from  land 
areas  to  the  east.  .  .  .  The  sandstones  by  their  mineral  composi- 
tion have  evidently  been  derived  at  least  in  part  from  a  source  in 

cryatalline  rocks  either  igneoDB  or  metamorphic It  would 

seem  from  the  mineral  composition  of  the  sandstones  that  meta* 
morphic  rocks  were  not  plentiful  in  the  region  from  which  the 
sediments  were  derived.  Garnet,  a  common  metamorpbic  min- 
eral, is  entirely  lacking  in  all  Carboniferous  sandstonee  of  Ohio' 
that  have  been  examined  microscopically  "  (246-251). 

"In  regard  to  the  correlation  of  the  fossiliferous  beds  of  the 
Conemaugh  with  the  Pennsylvanian  deposits  of  Kansas  the  con- 
clusion reached  is  that  the.  Brush  Creek  and  Cambridge  lime- 
stones probably  correspond  to  the  middle  or  upper  pan  of  the 
Pottawatomie  formation,  the  Portersville  to  the  upper  part  of 
that  formation  or  the  lower  part  of  the  Douglas,  and  the  Ames 
to  the  upper  pait  of  the  Douglas  or  lower  beds  of  the  Sbawnee  " 
(295).  r.  8. 

2.  CaratJocian  Cyatidea  from  Girvan ;  by  F.  A.  Batueb. 
Trans.  Roy.  Soc.  Edinburgh,  xiix,  Pt.  II.  Pp.  359-529,  6  pis., 
80  text  figs.,  1913. — This  is  an  elaborate  study  of  nine  species 
(eight  new)  of  uppermost  Ordovician  cystids  of  the  genera  Den- 
drocyttia  (1),  Cothurnocystia  (2),  Cheirocrinua  (2),  and  Pleuro- 
cyttia  (4),  from  the  Girvan  region  of  Scotland.  The  work  is, 
however,  much  more  than  a  study  of  the  forms  and  genera  men- 
tioned, for  all  of  the  related  material  of  Europe  and  America  is 
included  and  finally  adjusted  into  the  phyletic  classification. 

The  final  paragraph  deser\'es  to  be  quoted.     It  reads  : 

"  So  does  the  remote  story  of  these  Girvan  fossils  reveal  anew 
the  perpetual  warfare  of  life,  its  ever  unaccomplished  task  to 
bring  this  ancestral  burden  of  the  body  into  perfect  harmony 
with  an  elusive  nature  ;  for,  just  as  that  highest  hope  fails  to  be 
fulfilled,  the  wheel  of  the  world  is  turned,  and  the  new  contest 
demands  competitors  of  a  less  wearied  stock  or  a  more  flexible 
training.  The  Palaeontologist  may  be  one  who  deals  with  crea- 
tures that  are  what  we  call  'dead  and  buried,'  but  he  above  all 
men  should  be  filled  with  a  sense  of  the  living  drama  that  under- 
lies his  science  :  the  unending  struggle  of  the  past  as  crystallized 
in  organic  form  with  the  ever  new  surroundings  of  a  shifting  uni- 
verse  ;  the  clash  of  inherited  structure,  habit,  thought,  against 
the  iron  necessities  of  the  present.  The  figured  stone,  rudely 
cast  aside  by  the  quarryman  or  blindly  treasured  by  the  curio- 
buQter,  is  for  him  an  emblem  of  shattered  conventions  and  creeds 
outworn  ;  it  is  his  material  proof  of  the  eternal  Nemesis." 

3.  A  Contribution  (o  the  Paleontology  of  IVinidad ;  by  Cab- 
LOTT4  JoAQUiNA  Maitbt,  wlth  drawings  by  Gilbert  Dennison 
Harris.  Jour.  Acad.  Kat.  Sci.  Phila.,  2d  sen,  iv,  pp.  25-112, 
pie.  v-xiii,  1912. — The  work  of  Guppy  has  long  since  attracted 
the  student  of  Tertiary  faunas  to  Trinidad.     As  asphalt  occurs  in 

Am.  Jodr.  Sci.— Fouktb  Ssrieb,  Vol.  XXXVIl,  No.  217.— Jahuart,  1914. 
ft 
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quantity  here.  Doctor  Veatch  is  working  out  the  seology  of  these 
deposits  for  the  General  Asphalt  Company  of  Pniladelpbia,  and 
MiHB  Maury  the  paleontology.  In  the  present  work  are  described 
126  species,  a  very  few  from  the  lower  part  of  the  Cretaceoas, 
the  bulk  from  the  Eocene  and  OHgooene.  The  new  subgenus  of 
gastropods,  Veatc/iia,  is  proposed. 

The  author  points  out  tor  the  first  time  that  baaal  Eocene 
occurs  on  Soldado  Rock,  Trinidad.  Further,  that  "  the  Alabama 
Midway  Eocene  and  the  Pernambuco  beds  of  Brazil "  are  linked 
by  common  species.  This  is  a  valuable  correlation,  for  the  Per- 
nambuco fauna  has  long  puzzled  etratigraphers.  More  often  it 
has  been  regarded  as  of  Cretaceous  age,  but  the  commingling  of 
Trinidad  and  Pernambuco  species  proves  that  the  last  named 
fauna  is  also  of  Midway  Eocene  time.  The  author  also  states 
that  "the  age  of  the  shelly  asphalt  on  the  Brighton  beach  is 
Oligocene — and  late  Oligocene,  perhaps  about  equivalent  to  the 
Chipotan  of  Florida"  (27).  c.  a. 

i.  Formation  of  Coal  Beds ;  by  John  J.  Stevenson,  Iflll- 
1913. — During  the  past  three  years  Professor  Stevenson  has  been 
publishing  in  the  Proceedings  of  the  American  Philosophical  Soci- 
ety  a  series  of  four  articles  under  the  above  title  (see  review  in  this 
Journal,  %\x\,  546,  May,  1913).  These  papers  are  now  brought 
together  in  book  form,  with  their  own  pagination,  title  page,  pref- 
ace, and  table  of  contents.  In  addition,  the  whole  is  mi^e  more 
accessible  through  a  very  good  index  in  two  parts,  one  of  authors 
oited  and  the  other  of  a  general  nature. 

This  great  work,  a  labor  of  love,  is  indispensable  to  all  students 
of  the  Coal  Measures,  whether  practical,  stratigraphic,  historical, 
or  biologic.  It  is  a  remarkable  record  of  industry  in  a  geologist 
of  more  than  three  score  years  and  ten.  a  s. 

5.  Contributions  to  the  Oeoloff^  of  the  Nordtngrd  Region; 
by  J.  M.  SoBBAL.  8vo,  pp.  ITT,  pis.  xii,  map  in  cover.  Upsala, 
1013. — This  is  a  very  careful,  detailed  study  of  a  small  area  of 
crystalline  rocks  on  the  east  coast  of  Sweden.  Inland  the  area  is 
bounded  by  the  Archean  and  the  rocks  described  occur  as  intra- 
sions  along  the  coast  ;  there  are  small  amounts  of  sedimentary 
rocks  in  contact  with  them,  quartEites  and  arkoses.  The  igneous 
rocks  are  granites,  monzonites,  gabbros  and  anorthosites.  Ths 
field  occurrences  and  relations  of  these  rocks  are  minutely 
described  and  considered,  their  petrography  treated  in  detail,  and 
many  analyses  of  the  types  given  ;  it  is  indeed  chiefly  h  petro- 
graphic  study. 

To  one  of  the  feldspathic  dikes  of  the  district  the  name  of 
Vdmsingiie  is  given ;  the  rock  consists  mostly  of  albite,  with 
some  pyroxene,  titanite,  magnetite  and  apatite;  with  epidote, 
prehnite,  and  muscovite  as  alteration  products.  The  analysis 
shows  approximately  515  percent  of  silica,  16  of  alumina,  7  of 
lime,  5  of  magnesia,  6  of  soda,  with  only  a  minute  quantity  of 
potash  and  about  4  per  cent  of  iron  oiidesL  The  grain  is  rather 
coarse.  The  author  brings  it  into  relation  with  atbitites  of  other 
regions.  i„  v.  p. 
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6.  We»t  Virginia  Geological  SuToey,  County  Keportt,  191S. 
Cabeii,  Wayue  and  Lincoln  Counties  ;  byC.  E.  Krkbb,  AssiBUnt 
G«ologiBt,  and  D.  D.  Tketb,  Jr.,  Field  AasiBtant,  Pp.  483,  fril. 
i-iivi,  6  fige.,  7  maps  in  separate  cover, — In  common  with  the 
coanty  reports  previously  publisbed  by  the  West  Virginia  Sur- 
vey, the  present  volume  deals  chiefly  irith  economic  resonrcea, — 
coal,  petrolenm,  natural  gas,  etructaral  material,  and  soils.  Nu- 
merous detailed  sections  of  the  Dunkard,  MonongaheU,  Cone- 
maugb,  Allegheny  and  Pottsville  series  are  given.  b.  z.  g. 

7.  Weat  Virginia  Geological  Survey :  Marion,  Monongalia, 
and  Taylor  Counties  ;  by  Ray  V.  Hentten,  Assistant  Geologist, 
assisted  by  David  B.  Rkoeb,  Assistant  Geologist,  1913.  Pp. 
zvii,  844,  pis.  I-XXXIU,  11  figures  including  2  maps.  Report 
accompanied  by  3  maps  in  separate  case  showing  (I)  Topography, 
(II)  General  and  Economic  Geology,  (III)  Agricultural  Soils,  of 
the  region  reported  upon. — The  report  on  Marion,  Monongalia, 
and  Taylor  Counties  covers  ooe  of  the  richest  areas  in  the  Appa- 
lachian region,  so  far  as  coat,  oil,  and  gas  are  concerned.  The 
Pitubnrg  coal  seam  here  reaches  its  greatest  development.  Id 
addition  to  very  detailed  areal  and  economic  descriptions  the 
authors  devote  ttonsiderable  space  to  a  discussion  of  the  strati- 
graphy of  the  Carboniferous.  h,  b.  g. 

8.  Iowa  Geological  Survey,  Volume  XJCIf,  Annotated  Bibli- 
ography of  Iowa  Geology  and  Mining  ;  by  Charles  R.  Keyes. 
Pp.  SOS,  1913. — In  addition  to  an  exhaustive  descriptive  bibliog- 
raphy of  Iowa  geology  and  geography.  Dr.  Keyes  has  prepared 
the  following  interesting  chapters  :  On  geographical  exploration 
of  Iowa  land  (pp.  15-44)  ;  geologic  reconnaissance  in  Iowa  (pp. 
45-8K)  ;  an  historical  sketch  of  mining  in  Iowa  (pp.  89-121),  and 
systematic  geologic  surveying  in  Iowa  (pp.  133-144).     h.  b.  g. 

9.  Permo' Carboniferous  Vertebrates  from  New  Mexico;  by 
E.  C.  Cabe,  S.  W.  Williston,  and  M.  6.  Mehl.     Pp.  i,  81 ;  one 

Slate,  51  figs.  (Carnegie  Institution  of  Washington,  Publication 
lO.  181)  Washington,  1913. — This  highly  import.int  contribution 
to  our  knowledge  of  Paleozoic  Vertebrata  will  be  read  with 
great  interest,  as  it  emanates  from  the  pens  of  the  foremost  Amer- 
ican authorities  apon  these  hitherto  obscurely  known  forms.  The 
work  embodies  the  results  of  the  latest  exploration  in  the  South- 
west which  has  done  much  to  clarify  the  obscure  stratigraphy  of 
the  fossil -bearing  beds,  and  which  has  added  the  knowledge  based 
upon  whole  skeletons  where  but  fragmentary  remains  were  known 
before.  Chapter  I,  by  Case  and  Williston,  describes  the  bone- 
bearing  beds  of  nonh-central  New  Mexico.  The  results  are 
summariEed  as  follows: 

"The  Upper  Trias  rocks,  about  600  feet  in  thickness,  perhaps 
more,  are  predominantly  softer  and  lighter  colored,  often  orange- 
colored,  yellowish,  and  whitish,  and  more  aeolian  in  character, 
with  the  upper  or  uppermost  beds  more  or  less  gypsiferous. 
These  beds,  as  in  the  Lander  region,  have  basal  sandstones,  red- 
dish or  white,  with  conglomerate  and  clay  layers  below  thera 
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yielding  pbytoaaur  and  labyrinlhodont  bones  (both  types  were 
found  at  £1  Rito),  correBponding  well  with  like  venebrates  from 
the  Keuper  of  Eui-ope.  Below  these  beds  there  are  not  lew  than 
SfiO  feet  (in  the  Lander  and  Kansas  regions  perhaps  900  feet)  of 
more  uniform  red  eandstonea  and  clay  layers,  usually  weatherine 
into  more  vertical  bluffs,  that  are  utterly  barren  of  all  fossils  and 
supposed  to  be  of  Ixiwer Triasstc  and  Upper  Permian  age.  Below 
these,  and  conformable  with  them,  in  New  Mexico  and  probably 
elsewhere  are  not  less  than  300  feet,  probably  more,  of  prevuliiig 
coarser  and  darker  colored,  oft«n  brownish  sandstones,  and  dark- 
colored  day  beds,  yielding  vertebrate  remains  hitherto  considered 
to  be  of  Permian  age,  but  which  in  all  probability  are,  in  part  at 
least,  of  upper  Fennsylvanian  age"  dip.  5,  6). 

Then  follows  a  list  of  known  vertebrates  from  the  Permo-Car- 
boniferous  beds  of  New  Mexico,  including  a  shark,  five  genera  of 
amphibians  and  ten  of  reptiles. 

Chapter  11,  also  by  Case  and  Williston,  amplifies  the  descrip- 
ofth  .■.■■■■-  


tion  of  the  amphibian  Aspidonavrus  jiovomeseicanug,  of  which  the 
type  specimen  is  preserved  at  Yale.  Chapter  III,  by  Mehl,  de- 
scribes a  new  genus  and  species  of  Stegocepbaliau,  CAenoprotopu* 
mUleri,  of  which  the  pecniiarelongatedskull  alone  is  surely  knovn, 
there  being  some  doubt  as  to  the  identity  of  an  associated  ver- 
tebra. 

Chapter  IV  is  again  by  the  two  senior  authors,  and  describe* 
the  nearly  complete  skeleton  of  the  reptilian  species,  Diiigparaetui 
zenoi,  supposed  with  others  of  its  family  to  have  been  a  marsh- 
dweller,  a  very  sluggish,  harmless  eater  of  vegetation  or  small 
invertebrates,  able  to  present  no  more  than  a  passive  defense 
against  the  attacks  of  the  larger  carnivorous  forms. 

Chapter  V,  by  the  same  two  writers,  has  for  its  subject  a  nearly 
complete  skeleton  of  the  reptile,  Op/iiacodon  Marsh,  of  which  the 
type  material  is  also  at  Yale.  The  new  specimen  lay  almost  com- 
pletely articulated  in  the  rock  and  bas  been  entirely  restored  and 
mounted  at  the  University  of  Chicago.  Ophiacodun  was  neither 
a  swimming  nor  a  burrowing  animal,  but  was  slow  moving,  and 
doubtless  spent  its  life  about  the  flat  marshes  and  low  plains,  feed- 
ing upon  such  smalt  reptiles  and  amphibians  as  it  could  secure. 
Its  long,  slender,  recurved  teeth  were  well  adapted  for  the  capture 
of  slippery  creatures,  but,  with  the  jaws,  they  were  too  weak  to 
withstand  much  struggling  of  strong-bodied  prey. 

The  chapter  also  includes  a  description  of  Scolioniiia  puercenti*, 
new  genus  and  species,  a  pelycosaur. 

In  Chapter  VI,  Case  and  Williston  give  a  description  of  bones 
referred  to  Sphenacodon  Mai'sh.  This  is  a  carnivorous  reptile  of 
rapacious  habits,  to  judge  by  its  teeth,  and  aside  from  this  is 
chiefly  interesting  in  showing  to  a  certain  extent  the  peculiar  elon- 
gation of  the  vertebral  spines  so  characteristic  of  its  more  noted 
relatives,  Ditnetrodon  and  the  bizarre  "  ship-lizard,"  Naotaurus. 
In  Sphenacodon  the  spines  are  extraordinarily  long  for  a  reptile, 
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but  could  not  have  formed  any  such  frill  as  that  of  Dimelronod 
or  the  basilisk  lizard. 

The  aatbors  go  on  to  say: 

"And  this  structure  of  the  vertebra  baa  aD  important  bearing  in 
any  discussion  as  to  the  meaning  of  the  spineg  in  Dtmeirodon. 
That  Dimetrodon  could  have  developed  such  extraordinary  spines 
without  affecting  to  a  great  degree  the  characters  of  the  skeleton 
proves  conclusively  their  relative  physiological  unimportance.* 
Certainly,  bad  the  enormous  dorsal  expansion  of  Dimetrodon  been 
of  profound  importance  in  the  life  economy  of  these  creatures,  it 
must  have  materially  affected  the  structure  of  the  skeleton  else- 
where. That  Sphenacodon  is  more  primitive  than  Jfimetrodon 
must  be  admitted  to  be  perhaps  another  bit  of  evidence  of  the 
greater  antiquity  of  the  New  Mexico  deposits  than  the  upper 
ones,  at  least,  of  Texas"  (p.  69). 

The  last  chapter,  by  Williston  and  Case,  describes  Edapho- 
taiirus  Cope,  with  a  new  species,  £J.  tiovome:eicaniis.  The  type 
skull,  although  somewhat  fragmentary,  "  is  of  importance  as  fur- 
nishing for  the  first  time  indubitable  evidence  of  the  relationship 
of  JidaphotanruB  and  Naosmtrus"  whereas  the  " relationships  of 
Edaphoaauntt  and  Dimetrodon,  notwithstanding  the  similarity  of 
their  dorsal  spines,  cannot  be  very  intimate.  The  conclusion  Is 
irresistible  that  these  resemblances  were,  for  the  most  part  at 
least,  merely  the  result  of  convergent  evolution."  b  8,  l, 

10.  The  Meaning  of  Enolution  ;  by  Sauuel  C.  Schhuckeb, 
Pp.  1-298 ;  with  frontispiece  and  1  illustrations.  New  York, 
1913  (The  Macmill.in  Company). — This  book  fulfils  the  author's 
purpose,  that  of  presenting  a  simple,  readable  staiement  so  that 
the  "  average  i>er8on  "  having  no  special  training  in  the  sciences 
may  be  brought  to  an  understanding  of  the  doctrine  of  evolution. 

Chapter  I  is  an  historical  summary  of  the  development  of  the 
evolutionary  idea  from  the  time  of  the  earliest  writer,  Anaximan- 
der,  600  B.  C,  until  the  coming  of  Darwin.  The  following 
chapter  sets  forth  the  never-to-be-forgotten  career  of  Darwin,  the 
co-discovery  of  the  idea  of  natural  FcTection  by  Darwin  and  Wal- 
lace and  the  rare  example  of  scientific  chivalry  these  men  gave 
the  world.  Chapter  III  treats  of  the  underlying  idea  of  evolution, 
laying  special  emphasis  upon  the  four  basic  conceptions  of  hered- 
ity, v^iriation,  multiplication,  and  selection.  The  next  two  chap- 
ters deal  with  adaptation, — one  with  that  of  the  individual  in 
clothing,  color,  protective  attitudes,  weapons,  and  so  on,  and  the 
other  tnat  of  the  species,  especially  in  the  features  wherein  the 
contrast  of  the  sexes  lies.     The  author,  while  realizing  the  doubt 

*  "CaM  would  hesitate  to  endoree  the  Htatement  that  these  elaDgBledBpiaes 
were  physiolo^ colly  nDlmporunt,  He  has  long  considered  (and  freqaently 
stated  hia  belief]  that  the  enormoiiB  development  of  thespiuea  in  Dimetrodon 
>nd  probably  also  in  £dapho*aurua  (A'rmaaurus),  imposed  upon  the  creatures 
a  pfajiiological  burden  so  (treat  in  its  demands  upon  the  energies  of  the  indi- 
Tidnal,  both  for  their  original  production  and  the  repair  of  freqoent  in  jnries, 
that  It  waa  an  important,  if  not  the  chief,  cause  of  Iheii  extinction.^ 
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cast  upon  the  Darwinian  factor  of  Hexaal  selection,  wonld  retain 
the  idea  tentatively  even  though  an  interrogation  point  be  placed 
behind  it,  as  the  rejection  of  this  (actor  leads  to  as  many  difficul- 
ties as  its  retention. 

Chapter  VI  discasses  the  past  history  of  the  globe.  La  Place's 
nebtilar  theory'  of  eanh  origin  being  compared  with  the  later 
planetesimal  theory  of  Chamberlin  and  Moulton.  A  brief  geologic 
table  is  given  with  a  summary  of  Historical  Geology.  In  the 
seventh  chapter  we  are  told  of  the  development  of  the  mammals, 
which  leads  up  to  the  classic  story  of  the  horse,  based  largely 
upon  data  furnished  by  the  American  Museum  of  Natural  His- 
tory. In  Chapter  IX  the  evolutionary  theories  since  Darwin  are 
given  place,  with  some  of  the  modern  objections  to  Darwinism. 

The  last  two  chapters.  "The  future  evolution  of  man"  and 
"  Science  and  The  Book,"  are  more  in  the  line  of  moral  evolution 
than  the  remainder  of  the  volume.  The  book,  while  necessarily 
not  profound,  and  not  wholly  without  certain  inaccuracies,  is  very 
readable  and  will  serve  very  well  indeed  to  stimulate  further 
interest.  r.  b.  l. 

II.  The  First  Principles  of  Eoolutioa ;  by  S.  Hbbbebt. 
Pp.  ix,  346;  90  IHustrations  and  tables.  London,  1913  (Adam 
and  Charles  Black). — This  book,  like  the  previous  one  by  the 
same  author,  -'The  First  Principles  of  Heredity,"  is  the  out- 
come of  a  series  of  lectures  given  to  a  class  of  workingmen  and 
others. 

The  introduction  speaks  of  evolution  in  general — the  usiual 
more  or  less  hazy  conception  of  the  term,  and  what  it  really 
implies.  Section  I,  Inorganic  Evolution,  is  treated  under  the 
several  captions :  cosmic  evolution,  geological  evolution,  atomic 
evolution,  and  evolution  of  life  from  the  non-living.  Section  11, 
Organic  £volntion,  is  divided  into  two  parts,  the  first  of  which 
deals  with  the  facts  of  evolution,  the  evidence  being  taken  from 
morphology,  embryology,  classification,  paleontology,  and  geo- 
graphical distribution  ;  while  Part  II  discusses  the  theories  of 
evolution,  beginning  with  an  historical  summary,  and  taking  up 
Laraarckism,  Darwinism,  and  the  difficulties  of  the  theories,  espe- 
cially of  Neo-Ijamarckism  and  Neo-Darwinism.  Under  the 
theories  of  evolation  are  also  discussed  faeterogenesis  and  ortho- 
genesis. 

In  summing  up  the  theories  of  evolution,  the  author  says: 
"  Natural  selection  is  at  present,  so  far  as  it  goes,  the  only  accept- 
able theory  of  adaptation ;  for  Lamarckism  cannot  be  considered 
as  proven,  so  long  as  its  basis,  the  inheritance  of  acquired  charac- 
ters, has  not  been  established ;  and  teleological  vitalism,  wtiilst 
assuming  a  purposeful  end,  is  far  from  haviug  proved  its  the^ia. 
But — and  here  it  is  that  the  deficiency  of  natural  selection  makes 
itself  apparent— while  natural  selection  explains  the  further 
development  of  adaptive  variations,  once  they  have  attained 
survival-value,  it  certainly  cannot  account  for  the  'origin  of 
the  fit' "  (p.  223).  It  is  to  solve  this  problem  that  the  mutation 
theory  and  that  of  orthogenesis  have  been  proposed. 
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The  third  section  treats  of  euperorganic  evolution,  incloding 
Buch  topics  as  nienial  evolution,  moral  evolution,  and  the  evolu- 
tion, mainly  cultural,  of  man,  followed  by  a  discussion  of  the 
evolution  of  society  and  the  conclusion,  the  formula  of  evolution 
and  the  philosophy  of  change.  A  list  of  works  which  is  intended 
merely  as  a  first  guide  to  the  literature  of  each  subject  dealt  with 
in  the  work  is  appended.  It  is  an  interesting  connnentary  upon 
the  lack  of  appreciation  of  the  work  of  the  modern  paleontologist 
that  the  four  works  to  which  one  is  referred  under  the  heading 
of  paleontology  are  Darwin's  Origin  of  Species,  Wallace's  Dar- 
winism, Spencer's  Principles  of  Biology,  and  Romanes's  Darwin 
and  After  Darwin,  none  of  which  should  be  for  an  instant  under- 
valued, bat  which  nevertheless  can  hardly  be  said  to  sum  up  the 
documentary  evidence  for  the  truth  of  the  evolutionary  doctrine 
which  is  accumulating  bo  rapidly.  The  glossary  and  index  make 
Btill  more  available  and  intelligible  this  excellent  work.     b.  3.  l. 

12.  Geology  and  Ore  I>epo»it«  of  the  San  J'Vancitco  and  A^a- 
cent  Dutrifti,  Utah  ;  by  B.  S.  Butlbr.  Pp.  212  ;  51  pis.,  16 
figs.  U.  S.  G.  S.  Prof.  Paper  80, 1913.— The  rocks  of  this  district 
consist  of  sedimentary  formations,  lava  flows,  and  intrusions.  The 
sedimentary  rocks  were  deposited  from  Cambrian  to  Triassio 
times,  later  being  elevated  and  eroded.  During  Tertiary  time 
there  occurred  an  extensive  outpouring  of  lavas  which  are  mostly 
quart!  latites.  At  a  later  period  there  was  also  an  extrusion  of 
basalt  rocks.  The  extrusion  of  the  main  bodies  of  lavas  was  fol- 
lowed by  extensive  intrusions  of  quartz  monzonites  in  the  form  of 
stocks.  The  present  structure  of  the  region  has  been  reduced 
laigely  by  faulting. 

The  deposition  of  the  ores  of  the  district  followed  closely  the 
intrusion  of  the  quartz  monzonite.  They  are  all  of  similar  origin 
bat  differ  in  character  according  to  the  rock  in  which  they  were 
deposited.  There  are  three  general  types,  namely:  deposits  of 
copper  ores  in  quartz  monzonite  of  the  replacement  vein  type, 
contact  copper  deposits  in  limestone  and  replacement  fissure 
deposits  containing  chiefly  lead  and  silver  in  limestone;  replace- 
ment fissure  lead  and  silver  deposits  in  the  igneous  rooks.  Many 
of  the  deposits  have  undergone  secondary  enrichment. 

In  addition  to  the  common  minerals  of  such  deposits  the  fol- 
lowing rarer  species  have  been  observed  in  the  district :  molyb- 
denite, covellite,  wurtzite  in  small  hexagonal  pyramidal  crystals, 
tbanmasite,  corkite,  brochantite,  linarite,  beaverite  (a  new  species 
described  in  this  Journal,  xxxii,  418,  1911),  jarosite,  and  plumbo- 
jarosite,  w.  e,  f,- 

13.  The  Nickel  Industry y  vaith  Special  Reference  to  the  Sudbury 
Rtgitm,  Ontario  /  by  A,  P.  Coleman.  Pp.  188;  63  pis.,  H  figs,, 
Omaps.  Department  of  Mines,  Canada,  1913. — This  monograph 
detvribes  the  geology  of  the  Sudbury  region  and  its  nickel  ore 
deposits.  It  includes  a  history  of  the  district  and  detailed  de- 
scriptions of  the  various  mines.  It  includes  also  brief  descriptions 
of  the  other  important  nickel  deposits  of  the  world.     It  closes 
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with  a  discussion  of  the  metallurgical  methods  need  Id  smelting 
the  various  ores.  w.  x.  f. 

14.  The  (J itrioua  Lore  of  PrecioM  Stones  ;  by  Geobob  PRKti- 
BRiCK  KuNz.  Pp.  406,  with  numerous  platen  and  figures.  Phila- 
delphia, 1913  (J,  P.  Lippincott  Company). — The  scope  of  this  book 
is  well  expressed  in  the  sub-title,  wtich  reads  as  follows :  "  being 
a  description  of  their  sentiments  and  folk-lore,  superstitions,  sym- 
bolism, mysticism,  use  in  medicine,  protection,  prevention,  religion, 
and  divination.  Crystal  gazing,  birthstones,  lucky  stones  and 
talismans,  astral,  zodiacal  and  planetary."  To  any  one  interested 
in  gem  stones  this  book  will  be  a  treasure  house  of  curious  infor- 
mation. Precious  stones  have  always  been  objects  of  admiration 
and  desire,  and  it  was  inevitable  that  a  host  of  superstitious  fan- 
cies should  gather  about  them.  The  history  of  the  different  stones 
is  told  at  length  with  many  references  to  early  writers,  and  is  accom- 
panied with  a  large  number  of  interesting  illustrations.  While 
giving  all  the  details  in  a  scientific  manner,  the  snbject-matter  has 
been  so  well  arranged  and  presented  as  to  be  eminently  readable. 
It  is  doubtfnl  if  there  is  anyone  else  living  so  well  fitted  by  expe- 
rience and  knowledge  to  write  such  a  boot  as  Dr.  Kunz. 

IV.  B.  F. 

15.  BolaniccU  Featuree  of  the  Algerian  Sahara;  by  William 
AusTiy  Caxkow.  Publication  No.  178  of  the  Carnegie  Institu- 
tion of  Washington.  Pp.  vi,  81  ;  .')6  plates  ;  lOIS. — In  this  inter- 
esting work  Dr.  Cannon  gives  the  results  of  Geld  studies  carried 
on  during  the  years  1910  and  1911.  The  deserts  of  Algeria  are 
first  discussed  with  respect  to  their  geographical  and  climatic 
characteristics.  The  vegetation  from  various  parts  of  the  area 
studied  is  then  described  in  detail,  the  most  abundant  and  con- 
spicuous species  being  Hated.  In  the  closing  chapter  the  vegeta- 
tion is  treated  from  a  more  general  standpoint  and  compared  with 
the  vegetation  of  southern  Arizona.  The  plates,  reproduced 
from  photographs,  are  nnusually  clear  ;  they  show  not  only  the 
general  aspects  of  the  vegetation  but  also  the  habits  of  certain 
individual  species.  a.  w.  b. 

1 6.  Wissetischa/lliche  Ergebniste  der  Seutsehen  ZetUral-Afrika- 
SxpediUon  1907-1908,  unter  Fahrung  Adolf  Friedricha,  Uerzogs 
zu  Mecklenburg.  Band  II,  Botanik,  edited  by  Dr.  J.  Mildbraed, 
Berlin.  Lieferung  6,  pp.  509-601,  pi.  68-78.  Leipzig,  1013 
(Klinkhardt.A  Biermann). — The  first  five  parts  of  this  volume 
have  already  been  noted  in  this  Journal  (vol.  xxxv,  p.  335,  1913). 
The  present  part  includes  the  second  instalment  of  the  Dicotyle- 
doneie-Sympetalie  and  the  third  of  the  Dicotyledon es-Choripetalse. 
Various  botanists,  mostly  from  Berlin,  have  taken  part  in  its 
preparation.  a.  w.  b. 

1 7.  Laboratory  Manualand  Notebook  in  Botany  ;  by  Willahd 
N.  Clute  ;  pp.  viii,  70.  Boston  {Ginn  A  Company). — This  little 
work  gives  directions  for  carrying  on  the  laboratory  exercises  in 
a  half  year's  course  in  elementary  boUnj.  It  consistA  almost 
entirely  of  questions  which  the  student  is  supposed  to  answer 
from  material  supplied  by  the  teacher.  a.  w.  k. 
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18.  An  Jhtroduction  to  the  Chemistry  of  Ptant  Products/  by 
Paul  Haas  and  T.  G.  Hill.  Pp.  xii,  401.  London  and  New 
York,  1913  (Longmans,  Green  and  Co.), — In  view  of  the  unmis- 
takable sacce«6  with  which  those  aspects  of  biochemistry  dealing 
more  particalariy  with  animal  physiology  have  been  investigatea 
and  preaenLed  in  text-book  resuin4  in  recent  years,  it  is  surpris- 
ing that  BO  few  efforts  have  been  made  along  similar  lines  in  the 
domain  of  the  chemistry  of  vegetable  forms.  The  present  work 
jums  to  furnish  an  introdnctory  account  of  the  chemistry  and  bio- 
logical sigaidcance  of  some  of  the  most'  important  substances 
occarring  in  plants.  Wherein  the  distribution  of  emphasis  differs 
from  what  one  finds  in  a  manual  of  animal  physiological  chem- 
istry is  indicated  by  the  major  subdivisions  of  the  text  into  : 
1.  fats,  waxes,  oils,  and  phosphatides  ;  2.  carbohydrates  ;  3.  gln- 
cosides;  4.  tannins;  S.  pigments;  6.  nitrogen  bases;  7.  colloids; 
8.  proteins ;  9.  enzymes.  A  few  of  the  important  quantitatire 
methods  like  those  applied  to  the  characterization  of  fats  and  the 
estimation  of  sugars  and  proteins  are  described  in  detail. 

The  authors  have  exhibited  ingenuity  in  applying  the  newer 
knowledge  in  this  field  to  the  specific  needs  of  students  of  botany. 
The  result  represents  an  innovation  in  the  way  of  indicating  the 
progress  which  the  special  chemistry  of  plants  has  lately  made. 

L.  B.  M. 

19.  Modem  ProbUms  of  Biology  ;  by  Charles  Sbugwice 
MiHOT.  Pp.  ix,  124,  with  fi3  illustrations.  Philadelphia,  1913 
(P.  Blakiston's  Son  it  Co.). — The  six  lectures,  delivered  by  the 
American  exchange  professor  at  the  University  of  Jena  in  1912, 
and  originally  published  in  German,  are  here  rendered  in  English. 
These  lectures  toacb  upon  the  most  fundamental  problems  of 
modem  biology,  the  topics  discussed  being :  the  new  cell  doc- 
trine; cytomorphosis;  the  doctrine  of  immortality,  the  develop- 
ment of  death;  the  determination  of  sex;  and  the  notion  of  life. 
Having  been  designed  for  a  popular  audience,  the  presentation  is 
made  in  as  simple  language  as  the  subject  will  permit.  This  little 
book  furnishes  a  reliable  summary  of  the  present  state  of  our 
knowledge  on  these  important  topics.  There  is  appended  an  ex- 
planatory list  of  the  principal  publications  to  which  reference  is 
made.  w.  e.  c. 

20.  A  Laboratory  Manuai  of  Invtrtebrate  Zo&logy;  by  Gii.mam 
A.  Dbbw.  Second  edition,  revised.  Pp,  ix,  213.  Philadelphia 
and  London,  1913  (VV,  B.  Saunders  Co.). — The  original  edition 
of  this  book  has  been  widely  adopted.  The  revised  edition  incor- 
porates a  number  of  changes  resulting  from  more  recent  labora- 
tory experience,  with  directions  for  the  study  of  a  few  additional 
forma.  The  inclusion  of  a  brief  literature  list  for  each  topic  will 
prove  of  value  both  to  teacher  and  student.  w.  b.  c. 

2 1.  Btredily  and  Memory  ;  by  Jahb^  Waed.  Pp.  66.  Cam- 
bridge, 1913  {University  Press). — This  lecture,  delivered  atNewn- 
ham  College  in  1912,  explains  and  supports  the  psychologic  or 
mnemic  theory  of  heredity,   which   has   received   considerable 
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attention  in  Europe  in  recent  years.  Tbe  essentials  of  this  theory 
are  that  every  living  cell  has  an  "organic  memory,"  and  that  the 
development  of  the  embryo  is  "  actaally  and  literally  a  habit," 
with  "the  more  repetitions  the  more  fixity."  "In  Bhort,  what 
habit  is  for  individual  life  that  is  heredity  for  racial  life."  That 
there  should  be  a  physical  baaie  for  the  hereditary  mechanism  is 
not  considered  important !  w.  a.  c. 

22.  A  BiMiouraphy  of  the  Tunicala,  HG9-J910  ;  by  Jobs 
HoPKiNBON.  Pp.  lii,  28M.  London,  1913  (The  Ray  Society).— 
This  is  a  companion  to'  tbe  three  volumes  of  the  beautifully  iliux- 
tmted  monograph  of  the  British  Tunicata  published  by  the  Ray 
Society  since  1904  (see  notices  in  this  Journal).  It  contains  % 
remarkably  complete  list  of  the  publications  which  relat«  to  this 
group  of  animals.  Not  only  are  all  the  technical  and  spetial 
papers  included,  but  also  the  references  in  textbooks  and  in  other 
articles  dealing  with  each  of  tbe  several  branches  of  biology . 

w.  B.  C. 

23.  Tht  liritish  Parasitic  Copepoda :  Copepoda  Parotitic  on 
Fisket ;  by  Thomas  Scott  and  Andebw  Scott.  In  two  volumes: 
Vol.  I,  text,  pp.  xi,  252,  with  2  plates;  Vol.  II,  plates  I  to  LXXII. 
London,  1913  {The  Ray  Society). — In  Dr.  Brady's  monograph  on 
the  free  and  semi -parasitic  Copepoda,  published  by  the  Ray  Soci- 
ety more  than  thirty  years  ago,  the  forms  paraHitic  on  fishes  were 
excluded  as  requiring  treatment  in  a  separate  volume.  The  work 
on  these  forms  has  now  been  completed.  The  treatise  consists  of 
a  general  account  of  tbe  structure  and  habits  of  this  important 
group  of  parasites,  with  full  descriptions  of  the  1 13  species  known 
from  the  region  covered  by  the  monograph.  Atl  of  these  species 
are  illustrated  with  anatomical  details,  and  most  of  them  are 
shown  in  natural  colors  in  the  72  plates  of  the  second  volume. 

w.  B.  c. 

24.  The  Weathering  of  Aboriginal  Stot\e  Artifacts,  No.  1: 
A  Consideration  of  the  PaUoHths  of  Kansas ;  by  N,  H.  Wid- 
CHELL.  Pp.  xiv,  186  ;  20  text  figs.,  19  plates.  Collections  of  the 
Minn.  Hist.  Soc,  vol.  xvi,  part  I.  St.  Paul,  Minn.,  1913.— The 
author  believes  he  has  found  a  sequence  of  six  cultures  just  south 
of  tbe  Kansas  moraine  in  Kansas.  His  classification  comprises 
early  paleolithic,  paleolithic,  early  neolithic  (2  stages),  and  neo- 
lithic (2  stages).  The  term  paleolithic  is  applied  to  the  culture 
that  antedated  the  Kansan  Glacial  epoch.  Early  neolithic  covers 
the  period  between  the  Kansan  and  Wisconsin  Glacial  epochs,  and 
neolithic  applies  to  post-Wisconsin  culture.  This  classification  is 
based  on  the  form  and  patination  of  the  artifacts. 

GEOBUB  GRANT  HACCDBDT. 

Obit  DART. 

Dr.  Anton  Feitbch  of  Prague,  director  of  natural  historv  in 
the  Royal  Bohemian  Museum  and  professor  of  zoology  in  tbe  Uni- 
versity, died  on  November  15  at  the  age  of  eighty-one  years. 

Dr.  Hbnry  Potoni£^  well  known  for  his  work  in  botany  and 
paleobotany,  died  on  October  28  in  the  fifty-sixth  year  of  his  age. 
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Art.  VIII. —  Geologie    ReconnaiasaTice   of  the  Ayuabamba 
(Peru)  FossU  Beds ;  by  Hekbert  E.  (tkkgort.* 

Ijdroduction. 

Ok  the  basis  of  information  famished  by  Dr.  A.  A.  tiiesecke, 
President  of  the  University  of  Cnzco,  a  preliminary  e.xcurBion 
to  tlie  hacienda  of  Ayusbainba,  province  of  Paruro,  was  made 
by  Dr.  George  F.  Eaton  in  October,  1912.  The  object  of 
this  visit  was  to  investigate  the  reported  discovery  of  fossil 
vertebrate  remains.  The  region  appeared  to  Dr.  Eaton  of 
BnlScient  interest  to  warrant  further  field  work,  and  accord- 
iDgly,  under  instructions  from  the  Director  of  the  Peruvian 
expedition,  arraugements  were  made  for  a  week's  stndy  of  the 
Ayusbamba  area.  The  party  which  left  Cuzco  on  November 
13, 1912,  equipped  for  geologic  and  topographic  work,  and  for 
making  collections  of  fossils,  consisted  of  Herbert  E.  Gregory, 
geologist;  George  F.  Eaton,  osteologist;  K,  C,  Heald  and 
Carlos  Duque,  topographers ;  and  Jose  Gabriel  Uosio,  professor 
of  Sociology  and  History  in  the  University  of  Cuzco. 

Geography. 

From  Cuzco  the  trail  to  Ayusbamba  enters  the  valley  of  the 
Huancaro,  and  follows  the  south  branch  of  tliat  streain  to  its 
source  in  the  bogs  of  the  upper  plateau,  at  an  elevation  of 
13,500  feet.  Passing  over  the  gracefully  molded,  grass-floored 
highland  whicli  marKs  the  upper  extent  of  the  tributaries  of 
the  Kio  Hnatanay,  the  trail  enters  the  Apurimac  watershed. 
Perelied  high  on  mountain  flanks,  heading  canyons,  traversing 
fields  of  yareta,  and  zigzagging  among  glacial  bowlders,  along 
spurs  and  down  talus  slopes,  the  path  winds  its  way  toward 

■  Qeolc^nt,  PemrUn  Eipedition  of  1913. 
Ah.  Joor.  Sci.— Focbth  Series,  Vol.  XXXTII,  No.  318.— Febbcabt,  1914. 
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the  Apurimac  River  and  finally  emerges  at  the  hacienda  of 
AyoBbamha,  ten  leagues  sontli  of  Cuzco  (fig.  1).  For  genera- 
tions this  trail  has  been  the  main  avenne  of  approach  to  the 
Bacred  city  from  the  npper  Apnrimac  vallev,  ana  the  artificial 
pavements,  terraced  descents,  and  trenched  hillsides  give  evi- 
dence of  an  originally  well-planned  highway,  whoee  constrac- 
tion  involved  a  prodigious  amount  of  physical  labor,  the  valoe 
of  which  is  greatly  fenced  by  the  present  neglect  of  mainten- 
ance. In  traversing  tliis  ronte  from  Cuzco  to  Aynsbamba, one 
is  impressed  by  the  thought  that  the  llamas  and  picturesque 
Indians  met  on  the  trail,  the  grass-covered  slopes,  the  cacti 
and  tenaceous  shrubs  along  the  path  and  bordering  the  artificial 


Fio.  1.     Indei  map,  showing  location  of  AfUBbamba. 

walls,  the  wonderfully  beautiful  native  flowers  which  carpet 
the  bowl-like  upper  valleys,  and  the  lon^  vistas  of  canyon  and 
slope  present  a  picture  essentially  identical  with  that  viewed 
by  Inca  and  pre-Inca  travelers.  For  eight  or  ten  centuries 
this  well-worn  path  has  marked  the  passage  of  llama  trains  and 
patient  Quiclma  cargadores  bearing  materials  of  trade  to  and 
from  Cnzeo. 

Along  the  route  are  several  squalid  villages — groups  of 
thatched  adobe  or  stone  huts — the  homes  of  the  Andean  shep 
herds.  Midway  between  Cuzco  and  Ayusbamba  the  tr«l 
makes  a  descent  of  2000  feet  and  passes  through  Yaurisque  at 
a  point  where  a  eanyoned  stream  is  joined  by  two  short,  wide 
The   limestone   soil,  abundant  water  and  sheltered 
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poeition  of  this  valley  afford  opportunity  for  the  cnltivation  of 
potatoes,  garden  vegetables  and  grains,  while  the  adjoining 
slopes  and  highlands  furnish  admirable  pasturage.  When 
viewed  from  the  trail  perched  high  above  the  village,  the 
deeply  trenched  canyon  along  whicu  a  swift  stream  winds  its 
way  tlirongh  a  tangle  of  shrubs,  the  abrupt  slopes  of  brown 


Fio.  2,    View  of  the  village  of  YanriBlta,  looking  north. 

sandstone  dotted  with  hardy  plants,  and  the  graceful  outlines 
of  the  mountains  beyond,  compose  an  attractive  landscape  (fig. 
2).  The  masses  of  color  presented  by  field  and  ledge  and 
native  vegetation  are  pleasantly  modified  by  scatterine  Euca- 
lypti and  a  profusion  of  flowers  along  the  walls  ana  in  the 
better-kept  gardens.  The  village  itself — about  one  hundred, 
tile-roofed,  mnd-walled  houses,  arranged  along  a  cobble-paved 
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etreet  and  adjoined  by  yards  eurroanded  with  forbidding, 
cactns-covered  waits — ia  in  liarmony  with  its  topographic  set 
ting.  However,  too  close  inspection  of  the  village  and  its 
inhabitants  may  detract  from  the  picture,  for,  iu  spite  of  hos- 
pitality of  priest  and  official  and  the  evident  desire  to  faoDor 
the  stranger,  it  is  difficult  to  overlook  the  dirt  and  squalor,  the 
intimate  association  of  man  and  beast,  and  the  palpably 
nnwlioleaome  manner  of  life  in  this  typical  Andean  settlement. 

The  village  of  Ccoypa,  while  not  so  heantiful  as  Tanris^ne, 
18  equally  interesting,  especially  as  regards  its  location.  Situ- 
ated at  tlie  base  of  a  talus  slope,  the  houses  of  Ccoypa  are  built 
among  bowlders  whose  size  almost  equals  that  of  the  individual 
dwelhngs,  and  the  streets  and  the  passages  constitute  alabj'- 
rintli  wliich  puzzles  the  stranger. 

The  hacienda  of  Ayusbamba,  the  objective  point  of  onr 
geological  excursion,  is  a  typical  residence  of  tne  wealthier 
landed  proprietor  on  the  Andean  plateau.  A  one-story  build- 
ing of  stone,  adobe  and  tile  surrounds  a  spacious  patio.  The 
sun-warmed  rooms  on  the  north  side,  inclnaing  a  tola  of  gener- 
ous proportions,  are  occupied  by  the  family.  The  other  parts 
of  the  building  are  devot«d  to  store  rooms  and  stables.  Inti- 
mately connected  with  the  main  building  are  corrals  for  stock, 
and  a  scattering  group  of  hnts  which  house  the  workmen  and 
their  families.  At  tiie  north,  and  entered  from  the  mla,  is 
the  garden,  boi-dered  by  towering  Eucalypti  and  including 
Howers  and  shrubs  remarkable  for  abundance,  variety,  and 
individual  merit.  To  me  the  most  attractive  feature  of  tbis 
hospitable  home  is  the  view  from  the  garden  terrace  northward 
across  the  Chipura  chasm  to  the  terraced  fields  of  Ccdypa,  and 
northwestward  across  the  Mollemolle  into  the  maOTiiicent  can- 
yon of  the  Apurimac  (tigs.  3  and  4).  These  views,  tliongb 
uncommon  among  the  world's  scenic  features,  are  characteristic 
of  the  Peruvian  Andes.  The  hacienda  has  its  own  supply  of 
food,  fuel  and  material  for  clothing,  and  has  workmen  sKilled 
in  various  trades.  Little  needs  to  be  bought  and  little  is  sold ; 
the  place  is  commercially  almost  self-eumcient.  The  Indians, 
young  and  old,  are  not  merely  hired  servants,  but  are  attached 
to  the  hacienda  by  various  ties.  The  relation  of  seDor  to  ser- 
vants and  workmen,  and  the  general  regime  at  Ayusbamba, 
remind  one  forcibly  of  a  mediasval  feudal  estate  in  which 
independence  and  hospitality  were  closely  mingled. 

General  Geologic  Relations. 

The  area  including  Aymbamba  possesses  great  relief.  The 
lower  reaches  of  the  smaller  streams  (Vellile,  Mollemolle,  and 
Chipura)  are  bordered  by  steep,  frequently  precipitous  slopes, 
and  the  master  stream,  the  Apurimac,  whose  volume  goes  to 
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swell  the  Amazoo,  has  entrenched  itself  4000  feet  below  the 
B;eDeral  level.  In  passing  from  Cnzco  to  Ajnebamba  the  dirid- 
in)(  flats  and  low  ridges  lorm  a  roughly  level  Borface  extending 
over  sedimentary  beds  in    various  attitudes,  and  of  unequ^ 


Fio.  8.  View  from  9eKor  CbIvo'b  garden  looking  north  aeroM  the  Chi- 
pon  Borge.  The  trail  to  Cnzco  traverses  the  rock  terrace,  psasee  throngb 
the  villa^  of  Ccoypa  and  ascends  the  valley  of  the  Mollemolle. 


resistance  to  erosion.  Although  deeply  dissected,  the  highland 
area  suggests  a  widespread  though  imperfectly  developedpene- 
plain  resulting  from  erosion  in  late  Mesozoie  time.  Where 
unaffected  by  glaciation,  the  valleys  cnt  into  this  ancient,  base- 
leveled  floor  have  reached  a  stage  of  development  approaching 
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matcritj.  A  glance  into  tlie  Aparioiac  canyon  (fi^.  5)  ebows 
that  the  present  valley  form  h^e  by  no  meaoa  been  attained  bj 
regular  progreseive  growth  within  a  single  cycle.  At  least  two 
rock  benchee  and   two    alluvial  terraces  occnpied  by  Eniall 


I,  looking  noKhwestward,  dovn 


Andean  villages  mark  the  valley  wall, — facts  which  indicate 
an  involved  physiographic  history  whose  episodes  await  inter- 
pretation. 

The  higher  mountain  valleys  are  flat-floored,  wide  open, 
bounded  by  steeply-sloping  walls  which  join  the  plateau  fiur- 
face  at  an  abrupt  angle.     To  these  evidences  of  glaciation  may 
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be  added  morainal  acenmulations  and  the  ungraded  character 
of  the  upper  stream  conrses,  which  are  in  marked  contrast  with 
their  lower  reaches.  So  far  as  observed,  direct  abrasion  by 
daciers  was  not  effective  below  12,500  or  at  most  12,300  feet. 
The  mountain  heights  above  the  lower  limit  of  ice  action  pre- 


Fia.  5.  View  from  the  Pass  at  the  soDtbem  edKe  of  the  AjDebninba  fomil 
bedi,  looking  sontb  into  the  Apnrimac  canjOD.     Note  the  rock  and  allDVial 

sent  both  rounded  bosses  and  sharp  aretes, — features  character- 
istic of  glaciated  surfaces.  Summits  below  12,300  feet  assume 
forma  consistent  with  the  rSle  which  they  pla;  as  part  of  a  sub- 
matnrel;  developed  landscape.  Along  the  highland  trails 
north  from  Aynsbamba  and  also  east  toward  Parnro  irregu- 
larly distributed  erratics,  incipient  cirques,  bowlder  trains,  and 
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interrnpted  drainage  speak  of  a  widespread  glaciatioo  which 
has  substantially  modified  the  pre-Fleistocene  topography. 

The  bedrock  of  the  wliole  region  between  the  Apurimae  and 
Gnzco  valleys  is  brown  and  grey  sandstone,  whose  continuity 
of  stratification  ie  interrnpted  by  lenses  of  conglomerate  and 
occasional  beds  of  shale.  The  sandGtone  strata  rarely  approach 
horizontality ;  dips  of  20"-40''  are  common,  and  where  expos- 
ures are  favorable  these  tilted  strata  are  seen  in  folds  open  or 
closed,  and  with  horizontal  or  steeply  inclined  axes.  Near  the 
headwaters  of  the  MoUemolle  exposures  of  dense  blue-grey 
limestone,  much  fractured  and  in  places  brecciated,  roughen 
the  hill-slopes.  This  rock,  in  common  with  the  sandstone, 
appeare  to  be  identical  in  lithologic  character  with  the  strata 
represented  in  the  Huatanay  valley,  and  the  single  fossil 
(Lower  Cretaceous)  obtained  from  the  limestone  is  a  duplicate 
of  many  collected  at  Cuzco.  The  Lower  Cretaceons  limestone 
overlies  strata  of  sandstone  of  great  extent  and  more  than  1000 
feet  in  thickness.  The  relations  existing  between  the  calcare- 
ous and  arenaceous  beds  have  not  been  determined.  Strata 
containing  carbonized  plant  fragments  and  nnconformably 
overlying  the  brown  sandstone  were  found  near  the  village  of 
Paruro,  and  assigned  by  Duefias*  to  the  Tertiary.  The  reasons 
for  such  a  conclusion  are  not  given,  and  so  far  as  the  writer  is 
aware  the  only  paleontologic  evidence  of  age  relations  consists 
of  a  Lower  Cretaceous  lamelli  branch,  and  the  vertebrate  re- 
mains from  Ayusbauiba  described  by  Dr.  Eaton. 

With  the  exception  of  intrusives  cutting  the  Apurimae  can- 
yon wall,  no  igneous  masses  were  observed,  although,  as  stated 
below,  it  IB  probable  that  a  boss  of  diorite  lies  buried  beneath 
the  superficial  deposits  at  Ayusbamba.  Duefias  found  that 
diorite  intersected  by  dikes  of  rod  and  green  labradorite  con- 
taining phenocrysts  of  augite  was  associated  with  the  ever- 
present  grey  and  brown  sandstone  at  several  localities  in  the 
province  ot  Paruro. 

The  discovery  of  coal  in  the  vicinity  of  Paruro  has  from  time 
to  time  ]}een  announced.  The  basis  for  such  reports  is  doubt- 
less the  presence  of  carbonized  wood  and  lenses  of  impure  lig- 
nitic  peat  which  occnr  among  the  strata  of  ancient  lake  beds. 
My  observations  are  in  aecordwith  the  results  of  a  reconnaia- 
sance  conducted  by  Peters  and  Company,  and  with  the  conclu- 
sion of  Dueilas,  that  the  quantity  of  the  so-called  "  coal"  is 
negligible  and  its  quality  unsatisfactory.  Kock  for  huildinf;, 
lime  for  cement,  and  excellent  clay,  all  of  which  may  be  ob- 
tained in  quantity,  complete  the  list  of  rocks  of  economic  value 
■u  the  Ayusbamba  region. 

■Boletin  Caerpo  de  Bug.  de  Mia.  del  Fern,  No.  58,  1907,  p.  132. 
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Ths  Ayuebamba  Lake  Area. 

General  relations. — The  Ayusbamba  Ipke  deposits  cover 
an  Area  of  about  one-eightli  of  a  square  mile  (see  map,  fig.  8), 
situated  in  bd  unDsnal  position,  at  tue  top  of  the  pass  traversed 
by  the  trail  from  Ccoypa  in  the  Mollemolle  valley  to  Bilcokyma, 
a  tiny  pneblo  perched  on  a  terrace  within  the  Apurimac  canyon. 
The  depression  containing  the  fossil  beds  is  walled  in  on  the 
east  by  sandstone  ridges  rising  800'  above  the  center;  the 
ledges  forming  the  west  border  are  deeply  buried  in  superficial 
debris.     At  the  north  the  lacustrine  deposits  are  abruptly  ter- 


minated by  a  steep  slope  developed  by  vigorous  headward 
erosion  of  a  tributary  to  the  Cbipara.  Fringing  the  rock  bor- 
ders on  the  west,  south,  and  east  are  slopes  of  surface  wash  and 
fans  more  or  less  dissected,  which  in  turn  overlap  the  elays  of 
the  central  part  of  the  depression. 

The  surface  of  the  lacustrine  deposits  (fig.  6  and  map,  fig.  8) 
slopes  northwestward,  and  the  streams  which  drain  the  area 
unite  to  form  an  outlet  channel  which,  after  passing  through  a 
narrow,  vertically  walled  gorge  30  feet  deep,  makes  an  abrupt 
descent  by  a  series  of  rapids  and  waterfalls  to  join  the  Chipura 
and  finally  the  Apurimac.     A  much  shorter  course  with  much 
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steeper  gradient, — a  course  leading  soath  directly  to  the  Apuri- 
mac, — is  being  established  by  headward  eroeion,  and  the  divide 
has  migrated  eastward  within  recent  times  (fig.  7). 

Diaeection  of  the  lacnstrine  beds  has  been  accomplished  by 
Calvo  brook,*  consisting  of  two  streams  which  unite  to  form 
the  main  outlet  channel.  The  valley  of  Calvo  brook  presents 
youthful  features  both  along  its  larger  branches  and  in  the 
innumerable  tin^  canyons  cut  in  clays  and  sands.  About 
one-third  of  the  interstream   spaces  consists   of   imperfectly 

Flo.  7. 


Fio,  7.  Vievr  of  fosail  looBlit)',  looking  BoathweBtward  acroaa  the  divide 
between  Calvo  btook  and  the  Apnrimao  river.  The  diride  is  migratiug 
toward  Calvo  brook.     Photograph  bj  G.  F.  Eaton. 

drained  grass  plats ;  the  remaining  portion  is  marked  by  "  bad 
land"  slopes  and  mounds  cat  by  canyons  30-40  feet  deep,  two 
to  ten  feet  wide,  producing  a  surface  difficult  to  traverse. 
Snrticial  erosion  is  augmented  by  numerous  springs  and  seeps, 
emerging  at  the  contact  of  clay  and  sand.  Landslides  are  of 
frequent  occurrence  and  greatly  facilitate  the  removal  of  the 
lacustrine  deposits.  Ancient  corrals  and  andenes  point  to  for- 
mer human  occupation,  and  their  position  shows  that  a  consid- 
erable part  of  the  tillable  land  has  been  lost  throngh  recent 
stream  erosion. 
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Bed  rock. — The  lake  beds  at  Aynsbamba  rest  on  sandstone 
coated  with  a  layer  of  coarse  bowlders  and  followed  upwards 
by  clays,  sands,  ash  and  peat,  above  wiiieh,  near  the  edges  of 
the  basin,  are  nnstratified  angular  gravels  distribated  as  fans 
and  surface  wash.  The  rock  floor  is  exposed  on  the  north 
and  on  the  sonth  rims  of  the  basin  and  in  the  beds  of  several 
of  the  mitior  stream  branches.  The  bed  rock  is  essentially 
sandstone,  brown  or  grey  in  tone,  especially  on  weathered  sur- 
faces. The  strata,  which  vary  from  6  inches  to  20  feet  in 
thickness,  rarely  maintain  their  individnality  for  more  than  100 
feet  along  the  strike,  and  may  be  considered  as  a  series  of 
lenses  whose  dimensions  and  textnre  are  subject  to  abmpt 
changes.  Angnlar  cross  bedding  is  a  noticeable  feature  in  the 
medium-grained  sandstone,  and  sun-baked  surfaces  were 
observed  on  the  bedding  planes  of  the  shaly  limestone.  A 
number  of  minnte  faults  were  noted. 

While  the  rock  ledges  underlying  and  surrounding  the 
ancient  lake  bhsin  may  roughly  be  grouped  as  sandstones,  there 
is  considerable  variation  in  textnre  and  composition  as  indicated 
by  the  following  rock  types  represented : 

(1)  Sandstone,  very  tine,  even-grained,  composed  of  quartz 
grains  of  microscopic  size  embedded  in  silicious  cement. 

(2)  Sandstone,  medium  to  coarsegrained,  consisting  of  sub- 
angular  and  angular  fragments  of  white  quartz,  feldspar  crys- 
tals, diorite-porphyry,  sandstone,  and  rare  limestone ;  bound 
hither  by  silica. 

(3)  Thin  lenses  of  purple-brown,  arenaceous,  shaly  lime- 
stone. 

(4)  Conglomerate  with  pebbles  the  size  of  buck  shot  and 
upwards. 

The  finer-grained  pliases  of  the  conglomerate  grade  into 
sandstones  and  consist  of  the  same  materials ;  but  in  the  ledges 
facing  the  Chipura  the  pebbles  are  larger  (1/4'  to  3'  in 
diameter ;  one  dacite  bowlder  measured  2'),  and  are  distributed 
as  broken  strings  or  as  individuals  embedded  in  a  cubic  foot  or 
cubic  yard  of  sandstone  inatnx.  The  larger  pebbles  compos- 
ing the  conglomerate  at  this  locality  include  quartzite,  biotite- 
granite  with  orthoctase  phenocrysts  and  a  dark  grey  igneous 
rock  with  granitic  and  porpbyritic  facies.  The  last-named 
rock  which  is  not  only  a  constituent  of  the  conglomerate  but  is 
present  in  the  overlying  bowlder  bed  and  occurs  in  fragments 
of  various  sizes  dotting  the  surface  southwest  of  the 
hacienda  buildings,  is  worthy  of  special  notice.  A  hand  speci- 
men of  this  rock  is  seen  to  consist  essentially  of  crystals  of 
hornblende,  -J'  to  i'  in  length,  embedded  in  a  groundmass  of 
crystals  of  microscopic  size.  A  few  pyroxene  crystals  are 
also  present  as  phenocrysts.     Microscopic  examination  of  the 
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^roaodmass  reveals  the  presence  of  plagioclaee  feldspar,  bio- 
tite  and  magnetite  in  addition  to  mnch  hornblende  and  a  limited 
anionnt  of  pyroxene.  Fragments  of  calcite  and  of  an  nnde- 
tennined  zeolite  were  observed  in  one  of  the   three  aections 
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examined.  The  rock  is  therefore  to  be  claseed  with  dioritic 
or  andesitic  porphyries.  The  relative  abundance  and  localiza- 
tion of  these  diori'te  bowlders  suggest  the  poBsibility  that  an 
intrnsive  mass  now  covered  by  superficial  debris  exists  to  the 
west  of  Calvo  brook. 

The  structural  relations  of  the  sandstones  were  not  studied 
in  suihcient  detail   to  permit  of  a  definite  statement  regarding 
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their  origin  and  conditions  of  deposition.  However,  the 
im^ularity  of  beddine;,  the  abrupt  change  in  composition  and 
texture  along  striiie,  the  predominance  of  snbangufar  bowlders, 
the  type  of  cross  bedding,  the  presence  of  sun-baked  Gnrfaces, 
and  tlie  brown  color  of  the  rock  soonest  continental  rather 
than  marine  Bedimentation. 

Bowlder  Bed. — Directly  overlying  bed  rock  and  immediately 
beneath  lacaetrine  clays  and  sands,  a  bowlder  bed  is  exposed 
at  a  few  localities.  The  pebbles,  all  Bnbangular,  are  cliiefly 
i^eoQB,  and  include  the  following  varieties :  Andesite,  dense 
and  acoriaeeouB ;  diorite-porphyry ;  granite-porphyry ;  rare 
granite ;  black  and  green  hornstone ;  black,  pinli,  and  gray 
quartzites ;  brown  and  red  flandstones.  About  eighty  per  cent 
of  the  bowlders  measure  between  one  and  six  inches ;  the 
largest  seen  in  place  is  four  feet  in  diameter,  although  larger 
blocks  are  embedded  in  the  banks  of  Cairo  brook.  In  places 
the  bowlder  bed  is  loosely  compacted;  elsewhere  so  firmly 
cemented  that  pebbles  may  be  broken  without  disturbing  the 
matrix.  The  exposures  of  bowlder  bed  studied  gave  no  cer- 
tain clue  as  to  origin.  The  heterogeneous  character  of  the 
mass,  both  as  regards  composition  and  stratihcation,  suggest 
morainal  accumulations,  yet  striated  bowlders  and  scoured  noof 
were  not  observed.  Part  of  the  material  might  well  have 
been  supplied  as  talus,  but  with  the  exception  of  sandstone 
fragments  the  bowlders  are  of  tvpes  not  represented  in  the 
country  rocks.  The  history  of  the  bowlder  beds  cannot  be 
written  on  the  basis  of  present  knowledge  of  the  Apurimac 
valley  region. 

Lacustrine  Beds  (Map,  fig.  8). — The  lake  beds  proper — 
clay,  line  sand,  ash,  and  peat — rest  in  some  places  upon  the 
bowlder  bed;  elsewhere  directly  upon  the  sandstone  floor. 
The  strata  dip  slightly  toward  the  center  of  the  basin,  but  with 
many  variations  and  exceptions.  The  northward  dip  is  in 
general  greater  and  suggests  a  tilting  of  the  beds  at  a  time 
postdating  their  deposition.  The  stratigraphic  succession  of 
the  lacustrine  beds  is  shown  in  the  following  selected  sections  : 

Section  I.     West  branch  Calvo  brook. 

200'  from  junction.     Dip  of  clay  beds  NE  Z 10'. 

Feet 

1.  Grass-covered  slope  of  superBcial  debris 3 

Unconformity. 

2.  Sand,  fine,  with  lenses  of  coarse  sand  and  of  adobe,  con- 

taining plant  roots;  a  few  thin  clay  layers 30 

3.  Volcanic  ash,  excessively  fine,  soft,  pure  white,  regu- 

larly stratified  in  beds  about  one-tenth  of  an  inch 
thick 1 
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4.  Sand,  fine,  even-bedded,  thin-bedded,  with  four  BtntA 

of  pink  clay  (aggregating  3')  composed  of  layers 
about  one-fiftieth  of  an  inch  thicV 

5.  Sand  and  clay  like  No.  A  in  alternating  beds.    Inclndes 

a  lens  1'  thick,  50'  long,  of  black  iron-cemenled  sand, 

6.  Clay,  brown,  thin,  even-bedded,  and  fine  sand.     Few 

bone  fragments.     Total  clay  about  60  feet ;  aand 
3fi  feet 1 

7.  Coarse  sand,  firmly  cemented,  forms  bench 

8.  Sand,  fine,  thin-bedded 

9.  Sand,  fine,  containing  three  lenses  and  one  3'  bed  of 

sand  and  clay  firmly  cemented  by  lime  and  oontain- 

ing  abnndant  bone  fragments 

10.  Sands,  fine,  thin-bedded,  with  small  amount  of  clay.. 


Stction  II.    EoMt  hraneh  Calvo  brook. 
100  feet  from  junction. 


FMt 


1.  Soil, — brown,  mixtnrfe  of  gravel  and  sand 

2.  Sand  and  fine  gravel,  containing  numerous  carboniied 

fragments  of  plants 3 

3.  Peat, brown,  porous,  mixed  with  mud;  plants  too  frag- 

mentary for  determination 025 

Unconformity. 

4.  Gravel,  composed  of  angular  pebbles  one-half  inch  to 

four  inches  in  diameter 1-5 

Unconformity. 

5.  Sand,  with  small  amount  of  thin-bedded  clay,  yellow, 

traversed  by  carbonized  roots  and  root-tubes;  prob- 
ably an  old  soil 3 

6.  Clay,  light  brown;  and  sand,  fine,  clear,  in  alternate, 

very  thin  strata.     Clay  and  sand  about  eqnal    in 
amount 30 


Section  III.     West  branch  of  East  branch  of  Calvo  brook. 

Dip  NZ  2°. 

Feet 

1.  Gravel,  and  sand;  surface  wash 5 

2.  Gravel  and  fine  sand,  grey;  loosely  cemented  by  iron.      3 
Unconformity. 

3.  Clay,  very  thin,  even  layers,  forming  strata  three  inches 

to  one  foot  thick,  which  alternate  with  strata  of  fine 
sand.     A  few  decomposed  bones 10 

4.  Volcanic  ash,  white,  microscopically  fine-grained,  thin- 

bedded,  porous.     Locally  called  "chalk" 1"6 

5.  Clay  and  sand,  very  thin  layers  grouped  in  alternate 

Strata 8 
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NaUs  on  measured  tectiona. — The  individual  clay  beds  are 
nowhere  tbick  and  at  all  places  are  interbedded  with  fine  sand, 
^t  the  north  edge  of  the  basin,  where  135  feet  of  lacnetriue 
deposits-are  exposed,  the  section  consists  of  alternating  layers, 
one-tenth  of  an  inch  to  foar  inches  thick,  of  fine  sand  and 
banded,  dark  red  clay  in  the  midst  of  which  occar  three  lenses 
of  coarse  sand.  The  lityere  of  sand  and  clay  interleave  as 
lenses  fifty  to  two  Imndred  feet  long,  Minnte  folds  and  faults 
further  interrapt  the  regnlarity  of  bedding.  The  clays  are 
red,  pink,  or  brown  in  tone,  due  to  their  content  of  ferric  iron 
in  hydrated  form,  and  are  believed  to  owe  their  origin  to  the 
decomposition  of  the  surrounding  pre-Cretaceone  sandstones. 
No  "clay  dogs"  or  concretions  were  observed,  but  a  few  small, 
light-colured  patches  in  the  clays  are  highly  calcareous  in 
marked  contrast  to  the  clay  in  general.  Apparently  the  process 
of  segregation  is  in  operation  at  the  present  time. 

The  regularly  banded  white  ash,  interstratified  with  the  clays, 
decomposes  under  slight  pressure  to  an  impalpable  powder 
which  has  a  gritty  "  feel.  Microscopical  study  of  this  rock 
revealed  the  presence  of  glass  arranged  as  threads  and  cusps 
and  hooks,  and  constituting  about  90  per  cent  of  the  mass; 
laths  of  plagioclase  and  frayed  ribbons  of  biotite  complete  the 
list  of  component  minerals,  and  determine  the  classification  of 
the  deposit  as  dacitic  ash. 

No  tme  peat  or  coal  was  found  among  the  beds,  but  at  sev- 
eral localities  thin  bands  of  an  earthy  mixture  of  sand,  clay, 
and  vegetable  fragments  were  noted.    This  mixture  was  found 


by  microscopic  examination  to  consist  of  minute  shreds  of 
glass,  tiny  feldspar,  quartz,  biotite  and  muscovite  fragments, 
together  with  broken  bits  of  volcanic  ash  and  portions  of  cal- 
cite  crystals.  The  plant  remains  present  were  too  fragmentary 
for  determination. 

The  remains  of  vertebrates  are  found  among  the  upper  grai 
els,  on  floors  of  tiny  ravines,  and  embedded  in  clay  or  sand 
layers.  The  content  of  the  calcareons  sand  lenses  (No.  9,  Sec- 
tion I),  commonly  a  mixture  of  sand,  lime,  and  clay,  is  in  places 
fully  one  half  bone  fragments.  Bones  are  widely  scattered 
horizontally,  and  in  a  given  locality  may  be  found  unrelated 
parts  of  a  skeleton  mingled  with  bones  of  animals  belonging  to 
enUrely  different  species.  No  entire  skeletons  were  found  in 
place,  and  it  is  probable  that  several  feet  of  strata  intervene 
between  portions  of  the  same  carcass.  The  species  represented 
by  parts  of  skeletons  are  listed  and  described  by  Dr.  Eaton 
{pp.  144-154  following).  Field  evidence  justifies  the  conclusion 
tiiat  bones  of  animals  which  died  on  shore  or  floundered  in  bogs 
or  qnicksand  were  redistributed  by  surface  wash  and  running 
water. 
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Origin  and  character  of  Lake  Ayitshamha. — From  the  sec- 
tioDB  and  descriptions  given  nbove  it  is  evident  that  we  are 
dealing  with  depoeits  which  ia  part  are  truly  lacnetrine,— 
material  laid  down  in  a  lK>dy  of  qniet  water  which  existed  for 
a  relatively  loDg  period  of  time.  On  the  assamption  that  esch 
layer  of  sand  and  of  clay  represents  the  amount  deposited 
during  a  single  rainy  season,  approximately  100,000  years 
woiila  be  required  for  the  accumulation  of  the  matenals  ex- 
posed in  the  present  fragmentary  sectione.  It  is  probable  that 
the  lake  beds  had  greater  thickness.  That  they  formerly 
extended  much  farther  northwai-d  is  shown  by  an  unprotected, 
truncated  section  including  185  feet  of  strata  perched  high  on 
the  valley  side  overlooking  the  Chipura  river.  The  contaming 
wall  of  rock  is  complete  except  on  the  north  side,  whei-e  it  has 
been  entirely  removed.  Uuhke  the  remaining  portions  of  the 
rim,  the  north  wall  probably  consisted  of  fluvial  and  glacial 
debris  washed  from  the  highlands.  Moraines  extend  to  the 
edge  of  the  present  lake  deposits  and  may  have  formed  the 
original  barrier.  During  the  life  of  the  lake,  fans  from  the 
higli  ridge  at  the  south  encroached  upon  its  waters  and  sepa- 
rated the  original  sheet  into  more  or  less  detached  bogs.  TUb 
process,  combined  with  the  development  of  a  channel  through 
the  unconsolidated  northern  barrier,  led  to  the  extinction  of 
the  water  body.  Judging  from  the  physical  data  at  hand,  this 
mountain  tarn  may  have  beautified  the  landscape  of  the  late 
Pliocene  or  any  portion  of  the  early  Pleistocene  epoch, — a  con- 
clusion which  IB  in  harmony  with  the  paleontologieal  evidence.* 

Ancient  Lake  Aynsbamba  is  not  an  isolated  case  of  extinct 
water  bodies  in  Peru.  Buefiasf  speaks  of  similar  deposits  near 
the  pueblo  of  Paruro,  and  the  unpublished  reports  of  engi- 
neers and  travelers  indicate  the  existence  of  unexplored  Tertiary 
and  Pleistocene  deposits  scattered  over  the  Andean  highlands. 
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Art.  IX. —  Y«rtebra^  FotsUsfrom  Ayu^mha,  Peru;  by 
Gboboe  F.  Eatok*    "With  Plates  V,  VI,  VII.       , 

Whilk  engAged  upon  the  field-work  of  the  Peruvian  Expedi- 
tir>ii  of  1912,  I  liad  the  pleasure  of  accompanyinf;  Dr.  Albert 
Gicsecke,  President  of  the  University  of  Cnzco,  on  a  hasty 
vieit  to  a  locality  near  Aynsbemba,  amoiifr  the  mountains  about 
thirty  miles  sontli  of  Cnzco,  where  he  Iiod  previously  obtained 
some  fragmentary  vertebrate  fossils.  On  this  occasion  a  few 
hours  only  could  be  spent  in  the  field  ;  bnt  as  it  seemed  prob- 
able that  by  going  over  the  ground  carefully,  further  material 
might  be  secnrcd,  Professor  Bingham,  the  Director  of  the 
Expedition,  gave  his  consent  to  my  making  another  visit  to 
the  locality,  tliistime  in  company  with  ProfesBor  Gregory,  the 
geologist,  Mr.  K.  C.  Heald,  assistant  topographer,  and  Mr. 
C.  I>n<]ue.  AltJiough  other  important  work  caused  tiie  post- 
ponement of  this  trip  until  the  middle  of  November,  wben 
ti]e  rainy  season,  unfavorable  to  fo^^il-hnnling  in  the  moun- 
tainn.  had  set  in,  we  were  able  to  obtain  material  of  consider- 
able valne  during  the  brief  time  our  parU  was  in  the  field. 
To  Sr.  Emeterio  Calvo,  the  master  of  the  delightful  hacienda 
Ayusbamba,  I  owe  my  sincere  thanks,  not  only  for  permission 
to  collect  upon  his  land,  but  also  for  the  generous  hospitality 
extended  to  our  party. 

The  fossils  that  form  the  subject  of  these  notes  occnrred  at 
an  altitude  of  about  12,400  feet,  in  gravel  and  clay  beds  and  in 
surface-wash  along  the  southern  margin  of  a  small  lake,  the 
original  contours  of  which  are  partially  indicated  in  the  map 
(fig.  8)  accompanying  the  preceding  article  by  Professor 
Gregory.  An  excellent  view,  looking  southerly  across  the 
fossil  grounds,  appears  as  fig.  6  of  Professor  Gregory's  report. 
Very  nearly  the  revei-se  view  (N.  3°  E.  Mag.)  taken  from  the 
south  rim  of  the  basin,  is  shown  in  text-figure  I  of  the  present 
article.  After  taking  this  photograph  the  camera  was  turned 
a  little  to  the  right  (N.  30°  E.)  and  the  view  shown  in  text- 
figure  2  was  taken.  These  two  views  together  cover  practically 
all  of  the  fossil  grounds.  Almost  at  the  exact  center  of 
Professor  Gregory's  fig.  6,  a  mastodon's  blade  bone  was  found. 
The  nearer  view  of  this  spot  (text-fignre  3)  is  equally  charac- 
teristic of  several  other  places  where  fossils  occurred.  In  this 
photograph,  taken  while  waiting  for  the  protective  jacket  of 
burlap  and  plaster  to  dry,  appears  one  of  our  faithful  arrieros 
whose  interest  in  collecting  fossils  made  him  very  helpful. 

With  few  exceptions,  fractured  and  dissociated  material  only 

■  OflteolDgist  of  the  FeraTisn  Expedltioo  of  1&13. 

An.  JoDB.  Sci.— FotTKTB  Sehiu,  Tol.  XXXVII,  No.  SIB.— Fukuart,  1914. 
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vtu  fonnd.  Tliis  indicates  clearly  that,  in  most  cases,  the 
iwnes  of  animals,  perishinfr  near  the  borders  of  thifi  ancient 
lake,  vere  widelv  scattered  before  being  finally  covered  by 
alloTima  from  the  neighboring  heights.    It  ia  possible  that 


r  Ajnabkinba  fowil  b«d«  from  the  BOtitheni 


some  of  this  vertebrate  material  may  liave  been  originally 
embedded  at  a  elifrlitly  higher  level.  I  see  no  reason,  however, 
to  question  the  coiiCemporaneity  of  the  extinct  species  of  animals 
represented  in  this  collection.  Mo  vertebrate  fossils  had  been 
previously  described  from  this  part  of  the  Peruvian  Andes. 
Therefore  every  recognizable  specimen,  that  might  add  to  our 
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knowledge  of  the  extinct  fanna  of  the  recion,  vaa  collected, 
withont  r^^ard  to  its  perfection  and  availability  for  exhibition. 
Nearl;  all  of  this  material  has  now  been  identified,  and  it  is 
fonnd  that  specitnens  can  be  referred  to  live  mammalian 


families,  the  Camelidee,  Cervidte,  Eqaidee,  Elephantidee,  and 
M;Iodontidee.  Ko  fossil  remains  of  Kodents  and  Carnivores 
were  observed.  The  material  may  be  assigned  to  the  follow- 
ing  genera : 


3.44    Saton —  Vertebrate  FoaaiUfvom  Ayu^amba,  Peru. 

iMma  ap, 
"  The  fifth  luinbftr  vertebra  mid  portions  of  tlie  i-iglit  ilium 
and  iscbituu.  Tlie  speciineDe  comimre  cluselv  with  tlie  corre- 
sponding ekeletul  parts  of  &  medinm-sized  animal  of  tbe  recent 
specioa,  Lama  huaiiachua.  It  is,  of  course,  impossible  to 
assign  the  present  speciiuens  delinitely  to  any  one  of  tlie 
several  species  of  tliis  genus  that  have  been  described  from  tbe 
Pliocene  and  Pleistocene  of  Argentina  and  Brazil. 
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Fia.  8.     A  mBstodon'B  BcapaU  ready  [or  removal,  Ajuabamba. 

OdoeoUeut  brachyceroa. 
The  material  from  Ayusbainba  referable  to  this  genus  and 
species  includes  a  fifth  cervical  vertebra  belonging  to  an 
animal  considerably  smaller  than  a  full-grown  Virginia  deer, 
and  also  a  numltcr  of  fragments  of  antlers,  picked  up  on  the 
surface  of  the  lake-beds.  Fortunately  the  basal  portion  of  one 
of  the  antlers  has  been  preserved.  No  upright  snag  rises 
from  tbe  base  of  the  inner  side  of  the  beam,  and  tlie  antlers 
fork  near  the  burr,  the  basal  portion  being  extremely  short. 
Thetie  characters,  together  with  tlie  texture  of  tbe  surface, 
serve  to  identify  the  Ayusbamba  specimens  with  OdocoUeue 
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Ifrac/iycerosasAefinQd  by  Professor  Lydokker,*  who  8tat< 
does  not  appear  tliat  this  deer  comes  close  to  any  e 
species." 

Phitippi  has  caused  some  confusion  by  j^ivinj^  tlic 
Gervue  h^achyceroa  to  three  individuals  of  the  Yen 
Cajauiarca,  wliicli  he  proposed  to  separate,  under  tliif 
from  the  recent  species  of  Andean  deer,  OdocoUeue  anit 
=  Cervxta  antiaiensig.-f  It  is  apparently  far  from  Ph 
intention  to  convey  the  idea  that  the  P'oistocene  Ode 
hrachyceroa  has  persisted  nntil  the  present  time.  The 
of  this  fossil  species  are  onite  different  from  thoae  of  the 
lieer  to  which  a  Bitnilar  specific  name  has  beei 
uofortunately  assigned. 

DibeJodon  bolivianu$. 

Remains  of  Dihelodon  were  the  most  abnndant  fo 
Aynsbamba,  bones  and  teeth,  nsnally  dissociated  and 
plcte,  occarring  at  variona  places  in  the  beds  of  cU 
gravel,  and  also  saperticially.  It  is  significant  of  the 
of  these  deposits  that  only  small  and  compact  bones 
have  been  preserved  entire.  The  individuals  of  the  e 
whose  remains  were  found  here,  differed  considerably 
and  it  appears  from  the  dentition  and  from  the  condi 
the  epiphyses  that  many  of  tbeee  animals  had  not  a 
their  full  growth.  An  accurate  compari  on  of  their  i 
size  with  that  of  other  mastodons  cannot  therefore  be 
The  masimum  statura  indicated  b}'  the  largest  bones 
more  than  three-quarters  ae  great  as  that  of  the  mediur 
example  of  Mammut  americanumy  whose  mounted  skel 
exhibited  in  the  Peabody  Mnseum  of  Yale  University, 
height  of  this  animal,  taken  at  the  shoulder,  is  about  8  fi 
3  inches. 

Of  the  six  South  American  species  oi  Mastodon  dei 
by  Ameghino,t  the  two  most  generally  recognize 
M.  andium,  Cuv.,  and  M.  humholdil,  Cuv.  According  ti 
peckjg  tliei-e  are  two  other  valid  species,  namely,  M. 
ariu«,Philippi  (emend.  Pompeckj),  and  J/.  cAi/e««w,  PI 
Wliile  Pompeckj  does  not  adopt  Cope's  separation  of  Dib 
and  Tetrahelodon  from  Maatodon,  it  should  be  nndt 
that  both  M.  bolivianug  and  M.  chilensia,  as  well  as  M.  a\ 
and  M,  Aumboldti,  belong  to  the  Dibelodont  division 
original  genus.     ' 


i  Hamlf ero*  Fo«ilM  de  la  Bepnblio«  Arg«ntia 
^  Hutodon-BeHto  am  dem  intor-Badinen  Hoohlaiid  v 
to^pblca,  vol.  lii,  IMS. 
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Most  of  tlie  mastodon  bones  fonnd  at  AyiiBbambR  present 
no  characters  tliat  can  be  utilized  in  ttie  identification  of  the 
species.  As  might  be  expected,  it  is  best  to  rely  priocipally 
upon  the  form  and  strnctare  of  the  teeth.  Two  specimens 
have  therefore  been  selected  to  illustrate  the  type  of  aentition. 
From  the  piece  of  a  riglit  (upper)  tnsk  sliown  in  Plate  V, 
fignres  1  and  2,  the  following  measurements  have  been  taken  : 

Circumference  of  proximal  end 854"" 

Breadth  of  enamel  band SO 

Maximum  diameter  at  proximal  end 117 

Minimum  diameter  at  proximal  end ](i4 

Angle  of  torsion 1%" 

The  last  of  these  measurements  requires  a  few  words  of 
expUnation.  A  mastodon's  task  upon  which  the  enamel  band, 
or  other  line  of  growth,  describes  a  helix,  presents  a  certain 
analogy  to  a  screw;  and  tlie  torsion  of  such  a  tusk  may 
property  be  regarded  as  a  pitch  angle.  The  angle  of  toraiun, 
nsea  here,  is  defined  as  the  angle  that  a  tangent  to  the  spiral 
enamel  band,  at  any  point,  makes  with  the  adjacent  axial  line 
of  the  tusk.  This  measurement  is  easily  taken.  It  has  the 
further  advantage  of  being  independent  of  length,  diameter 
and  circumference;  and  may  prove  to  be  of  considerable 
taxouomic  value.  The  mere  statement  that  an  enamel  band 
makes  one  revolution,  or  one-balf  revolution,  about  the  axis, 
without  any  record  of  length  and  diameter,  does  not  adequately 
describe  the  torsion. 

The  form  of  the  tusk  of  M.  holivianus  is  described  by  Poin- 
pecki*  as  follows :  "  Der  Qnerschnitt  iat  vollkommen  elliptiscli ; 
die  Durcbm esse r  eind  an  der  hinteren  Bruchflache  8"9  ;  6'2™, 
an  der  vordero  0'2 :  4-7"°.  Das  z.  T.  abgefatlene  Schmelzband 
hat  vorne  eine  Breite  von  S-e-V""."  In  another  placet  I'C  com- 
pares this  tusk  with  that  of  M.  andium :  "  Die  schlanken,  sebr 
wenig  gekrtiminten,  in  Schranbenspirale  von  nngefahr  1/2 
Windung gedrehten  Stosszahne  liahen  bei  Mastodon  boliviaiiiis 
stark  komprimierten  elliptischen  Querscbnitt,  nicht  den  kreis- 
runden  der  Zglinc  von  Mattodon  Andium." 

That  the  enamel  band  is  very  broad  in  M.  holivianua  is  evi- 
dent from  Fompeckj's  measurements  of  the  anterior  portion  of 
a  tusk  and  also  from  his  ilUistmtion  of  a  basal  fragment,!  where 
the  enamel  appeai-s  to  cover  one-third  of  the  circumference. 
The  hand  is  a  trifle  narrower  in  the  fragment  of  tnsk  from 
Ayusbamba,  which  differs  also  from  M.  holivianus  in  the  ratio 
of  the  maximum  and  minimum  diameters.  To  comply  with 
the  diametric  ratio  (8-9  :  6-2)  obtained  from  M.  holivianus,  the 

•  Op.  oit.,  p.  88.  t  Op.  eit.,  p.  44. 

t  Op.  oit.,  T«l.  IV,  Kg.  M. 
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Aj'iiebamba  specimen  having  a  maximum  diameter  of  117"", 
would  require  a  minimum  diameter  of  on);  82*",  instead  of 
lOl""",  as  recorded.  Tet  its  section,  as  sliown  in  fig.  5,  is  still 
very  far  from  circular,  and  cannot  be  described  by  the  same 
terms  that  Ponipecki  uBes  in  reference  to  the  tnslcs  of  M. 
andtum.  The  tusk  of  the  latter  species,  Jigurcd  by  Amcgliino,* 
greatly  exceeds  the  Ayusl>amba  specimen  in  diameter,  and 
possesses  an  enamel  band  relatively  much  narrower.  Its  curva- 
ture and  the  angle  of  torsion  of  tlic  enamel  band  are  approxi- 
mately the  same  as  those  of  the  Ayusbamba  specimen.  The 
torsion  of  the  tnsk  of  M.  bolivtanvs  is  not  recorded  in  such  a 
way  as  to  be  available  for  comparison. 

Views  of  the  grinding  and  labial  surfaces  of  an  unworn  - 
molar  from  Ayusbamba  are  shown  in  Plate  V,  figures  8  and  4. 
This  tooth,  imperfect  anteriorly,  is  presumahly  a  lower  molar 
of  the  left  side.  Large  accessory  tubercles  rest  like  buttresses 
against  the  outer  columns,  but  the  tubercles  that  flank  the 
inner  columns,  and  those  that  lie  in  the  depths  of  the  inner 
valleys,  are  so  small  as  to  be  almost  hidden  beneath  the  thin 
layer  of  cement.  As  a  result  of  this  arrangement,  the  tooth 
would  be  characterized,  dnring  early  stages  of  wear,  by  the 
presence  of  trefoils  on  the  outer  columns  only,  while  the  inner 
valleys  would  remain  open.  Although  this  tooth  agrees,  in 
the  foregoing  characters,  with  the  specific  definitions  of  M. 
andium  given  by  Lydekkerf  and  b-y  Arneghino  in  his  work 
already  cited,  the  correspondence  fails  entirely  when  the  con- 
tours of  the  inner  columns  are  considered.  Lydekker  states 
that  "The  form  of  the  dentine-disk  on  the  columns  which  do 
not  bear  trefoils  is  pear-shaped,  with  the  apex  directed  toward 
the  adjacent  column."  The  inner  columns  of  the  Ayusbamba 
molar  are  as  stout  where  they  approach  the  median  cleft  as  at 
their  lingual  borders,  and  would  not,  at  any  stage  of  wear, 
assume  a  pear-shaped  outline.  In  view  of  this  essential  differ- 
ence, I  do  not  think  that  the  Ayusbamba  molar  sliould  be 
referred  to  M.  andium.  It  compares  much  more  closely  with 
the  lower  molar  of  M.  bolivianus  figured  by  Pompeckj.J  The 
small  accessory  tubercles  that  flank  the  inner  columns  and  line 
tlie  inner  valleys  of  this  tooth  tind  their  counterparts  half-con- 
cealed beneath  the  cement  layer  of  the  Aynshainba  molar. 
The  transverse  measurements  of  the  tooth  of  M.  bolivianus, 
taken  at  the  base  of  the  crown,  viz.,  for  the  Ist  cross  cusp  T-i™, 
for  the  2nd  7-75™,  for  the  3rd  8-0"',  for  the  4th  7-8,  for  the 
5th  7"4",  correspond  very  nearly  with  the  following  tmnsverae 
measurements  taken  in  the  same  way  from  the  Ayusbamba 


}0p.  cll.,T&f.IlI,  Fig.  la. 
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molar:  for  tlie  first  crosa  cusp  T'S*",  for  tlie  Snd  7*4™,  for  tLe 
3rd  7*2™.  Taking;  into  coneideration  tlie  cbaracters  of  tliia 
molar  tooth  and  also  tlio&e  of  tlie  fragment  of  tusk,  previquGly 
deacribed,  I  am  confident  that  both  of  tlicee  specimens  should 
be  referred  to  Maatodonholivianua,  or  Dihelodon  bolivianos, 
if  it  is  best  to  use  the  j^neric  name  proposed  bj  Cope. 

It  IB  not  surprising  that  remains  of  this  species  should  be 
found  at  Aynsbamba,  for  Ulloma,  where  the  type  material  of 
J?.  bolivianu«  was  obtained,  is  less  than  350  miles  distant, 
beiuf;  situated  at  an  altitude  of  abont  8,800  meters,  in  tlie  high 
Bolivian  table-land  south  of  Lake  Titicaca.  There  seems  to 
be  no  reason  to  doubt  that  the  same  climatic  cooditioiis  pre- 
vailed in  these  two  localities  during  the  earljr  Pleistocene. 

Mylodon  sp. 

The  Gravigrade  Edentates  hold  such  an  important  place  in 
the  Pleistocene  fauna  of  South  America,  and  have  been  so 
closely  associated,  in  their  distribution,  with  the  Elephantidse 
and  Equidaa,  that  one  might  expect  to  find  the  group  repre- 
sented in  the  collection  from  Ayusbamba.  Vertebrse,  pieces 
of  the  ribs,  inclnding  an  ossified  sternal  section  with  its  charac- 
teristic double  articulation,  and  an  ungual  phalanx,  from  this 
locality,  should  be  referred  provisionally  to  tliB  genus  Mylodon^ 
so  closely  do  they  resemble  the  corresponding  parts  of  the 
monnted  skeletons  of  M.  robusliM  and  M.  myloides  in  the 
American  Museum  of  Natural  History.  I  have  no  means  of 
determining  tiie  species.  In  this  connection  may  be  men- 
tioncd  a  humeiiis  of  Mylodon  that  was  found,  not  at  Ayns- 
bamba,  but  within  two  miles  of  Cuzco,  where  the  road  to 
Ayusbamba  ascends  from  the  Hnancaro  Valley,  The  location 
of  tiie  bone  beneath  well-defined  beds  of  fine  and  coarse  allu- 
vium, about  28  feet  in  thickness,  is  marked  in  text-figure  4 
by  the  point  of  an  arrow.  This  humerus,  shown  in  Plate  V, 
figures  5  and  6,  differs  from  the  humeri  of  M.  robuxlua  and 
M.  myloides  at  the  American  Museum  in  not  having  so 
prominent  a  deltoidal  tract.  The  outer  tuberosity  is  also 
smaller,  and  the  posterior  outline,  immediately  below  the  head, 
is  more  deeply  concave.  These  differences,  while  slight,  are 
sufficient  to  indicate  that  some  species  of  Mylodon  other  than 
M.  robusius  and  M.  myloides  occurred  in  this  part  of  the 
Cordillera.  Potsherds  and  bones  of  llamas  were  observed  at  a 
depth  of  2^  feet  in  the  surface  stratum  at  the  top  of  the  bank 
where  tliis  humerus  was  found ;  but  no  objects  were  seen  in 
the  lower  strata  that  could,  in  any  war,  associate  the  Mylodon 
bone  with  the  period  of  human  inhabitation. 
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Fio.  1.  Dibdodon  boIiBionu*,  fragiDAnl  of  right  tuflb.   x  0'2fl 

Fia.  2.  The  same  fragment,  pToiimal  end.   x  0*30. 

Fia.  8.  Dibrlodoa  botirianvt,  left  lower  molar,  k  O'SO. 

Fta.  4.  The  Mme  tooth,  labial  inrfece.  x  0-S6. 

Fio.  5.  Uylodon  ep,,  right  hamenu,  anterior  view.  xO'33. 

Fib.  4.  The  Mme  apeoimcD,  exlemnl  Tiew.  x  035. 
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Fto.  S.     Skoll  of  OAiMppidivim  eompreuiden*  in  tbe  Huseam  of  L«  FlaU. 
l^dakker.  x  OIB. 
Fio.  8.    Skall  of  Rirahi^tarion  ep.,  from  Ayaabnmbs,  poelerior  vi«w.  x 
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Parahipparion. 
Ec|uiiic  remaine  collected  at  Ayasbamba  include  several  teeth, 
ft  fragmentary  skull  and  a  portion  of  the  distal  end  of  a  femur. 
Tlie  teetli  were  all  surface  specimens,  and  tliero  was  nothing 
about  the  manner  of  their  occurrence  to  prove  that  any  of 
them  belonged  to  the  same  individaal  aa  the  skall.    Two  of 
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;\  .;                           ■     ■■ 

■j 
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tliem,  however,  may  be  from  one  individual,  not  necessarily 
becaoBe  they  were  picked  up  within  a  few  rods  of  each  other, 
but  because  they  show  equivalent  structure,  size  and  stage  of 
wear.    These    two  teeth,  first  and  second  fonctiooal  lower 
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cheek  teeth  (p,  and  p.)  ai-e  accor(tin|;Iy  repreeoDted  tO{reth«r  in 
text-figure  5.  Owing  to  their  imperfection  exact  measure-' 
iDeiit«  cannot  l>e  taken;  hut  the  longth  and  width  of  tlieir 
crowiie  appear  to  have  been  approximatelv  as  follows  :  p„ 
length  SO"*,  width  U-S"";  p„  length  27"'~,w'idth  16— .  These 
diinensions  and  the  pattern  of  the  enamel  foldingE  show  that 
tlie  teeth  cannot  be  referred  either  to  ^MtMC»(n;)V/«»«  or  to 
any  of  the  three  species  of  Ilippidiwt  whose  teeth  have  been 
minutely  deserihed  and  fienrea  oy  Sefve.*  Their  affinity  lies 
i-ather  with  the  genus  Parahipparion,  In  view  of  the  diffi- 
culties that  lieset  the  study  of  isolated  equine  teeth,  especially 
those  of  the  lower  series,  it  would  perhaps  be  unwise  to  attempt 
the  specific  identification  of  these  two  lower  premolars  ;  but  it 
is  significant  that  among  all  the  teeth  with  which  they  have 
liecii  compared,  thev  moat  nearly  find  their  conn tci )>arts  in 
the  first  and  second  lower  deeidnoue  molars,  and  the  first 
molar,  of  J^arahlpparion  pemanum  from  Tirapata,  Peru,  fig- 
ured by  Sefve.t  The  united  length  of  the  first  two  milk 
'  molars  of  this  last  mentioned  specimen  amounts  to  approxi- 
mately 56'"'" ;  and  tins  measurement  exceeds  the  restored 
united  length;^  of  the  two  teeth  under  diseussion  by  2*°",  which 
is  very  nearly  the  difference  in  length  that  one  might  expect 
to  fiiwl  between  the  firet  and  second  tower  deciduous  teeth  and 
their  permanent  successors.  So  many  variable  and  uncertain 
factors  enter  into  these  measurements  that  the  comparison 
should  not  be  carried  too  far. 

In  another  lower  cheek-tooth  (p,)  from  Aynsbamba  the  forms 
of  the  inner  valleys  (text-figure  6)  are  simpler  than  in  the 
teeth  last  described,  the  contrast  in  this  respect  being  almost 
too  marked  to  be  readily  accounted  for  by  the  fact  that  the 
teeth  present  diffei-ent  stages  of  wear.  Itshonld  be  noted  that 
tlie  tectli  shown  in  text-figures  5  and  6  possess,  in  common,  a 
very  deep  outer  valley  that  penetrates  between  the  inner  val- 
leys aud  nearly  travei'ses  the  crown.  The  deepening  of  the 
outer  valley,  according  to  Sefve's  observation,  characterizes 
P.devillei  and  P.  peruanum,  and  distinguishes  them  from 
P.  saldiiiai.  The  premolar  of  text-figure  6  measures,  on  the 
crown,  2!)"""  X  l-t'"".  la  its  enamel  pattern,  as  well  as  in  its 
size,  it  is  remarkably  like  the  p,  of  P.  <{eviUei,\  which  has  a 
length  of  2S'"'"  aud  a  width  of  IS"""".  Although  the  species  of 
the  Aynsbamba  specimen  is  not  determined  by  the  above  com- 


!.  Fig.  4 

IThv  uniud  length  of  oTerlkpping  t««th  ia  leas  than  thaaom  of  their  Indi- 
TidDftl  lengtha. 
tSefre,  ]»13:  T«[.  3,  Fig.  21. 
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parison,  there  is  no  doubt  that  it  belongs  under  the  genus 
Parahipparion. 

Examination  of  an  upper  molai'(text-figure  7)  leads  to  about 
tlie  same  conclusions  as  were  obtained  mm  tue  Btudy  of  the 
lower  teeth  already  described.  This  tootli  appears  to  bo 
either  the  first  or  the  second  upper  molar  of  tne  richt  side. 
Frobably  it  is  the  first.  The  length  is  SI'S*""  and  the  width 
22*"".  The  depth  of  the  crown  is  greatly  reduced,  only  abont 
80"  of  the  prism  being  left.  In  fact,  it  is  so  low  as  to  present 
an  almost  senile  stage  of  wear.  Under  these  circumstances  not 
only  would  the  pattern  of  the  enamel  foldings  be  simplified, 


Fia,  B.     Fm,  ftodFmi,  PBnJifjqNirionBp.,  Ajoebamlw.      x0'80. 
FiQ.  6.     Pmi,  Pamhipparim  up.,  AjiutwmM.      xO'SO. 
Fio.  7.     HI,  ParaMpparioti  ap.,  AyaatwinlMt.      x  080. 

as  compared  with  tlie  condition  at  four  or  tive  years  of  age, 
bnt  the  antero-posterior  diameter,  or  length,  of  the  crown 
would  be  considerably  reduced.  The  width  of  the  crown  has 
probably  been  a  little  reduced  also,  but  jndging  from  the  very 
slight  convergence  of  the  labial  and  lingual  sides  of  the  prism, 
this  transverse  reduction  is  very  email,  probably  not  exceeding 
I""".  Making  dne  allowance  tor  advanced  stage  of  wear  and 
for  individual  variation,  it  is  conceivable  that  the  enamel  pat- 
tern of  this  tooth  miglit  have  been  derived  from  the  pattern 
exhibited  by  the  first  upper  molar  of  any  one  of  the  species  of 
Parahipparion  in  which  the  true  molars  hare  been  observed. 
These  teeth  have  not  been  observed  in  P.  peruanum,  the 
species  that  from  its  occurrence  at  Tirapata  would  seem  most 
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likely  to  Ite  found  in  Pleistocene  formations  at  Aynsbamba. 
On  the  whole  it  appears  that  very  little  prof!;reBa  toward  the 
Bpecific  identificntion  of  the  upper  molar  of  text-figure  7  is  to 
be  made  througli  the  study  of  its  enamel  pattern  alone.  Mncli 
better  results  can  be  obtained  by  comparing  its  dimensions  with 
those  of  the  ranons  species  of  Parahipparion.  Accordingly 
the  length  and  widtli  of  the  upper  trne  molars  of  P.  tatdiast, 
P.  bolivianum,  and  P.  devilUt  and  the  same  dimensioDB  of  the 
npper  milk  molars  of  P.  perwmvm  are  qnoted  from  Sefre 
and  arranged  in  the  following  table. 

Dimctuiotii  of  Hal«n  of  ParaK^parion  in  milllmeten. 


JIP 

M. 

U* 

! 

i 

1 

i 

1 

39-6 
29- 

an- 

87- 
34- 

80- 
28- 

al- 
as- 

36- 

29- 
26- 

30-6 
iM- 

28' 

37- 
24- 

34- 

D- 

D' 

\y 

P.  paruanum 

35-7 

23- 

38- 

33-5 

30-2 

23- 

The  width  of  the  crown  of  thenpper  molar  from  Aynsbamba, 
viz.,  22""",  is  less  than  that  recorded,  in  the  table,  for  m'  of  any 
species  of  Parahippari<yii.  P.  rfeuii^  comes  nearest,  with  a 
width  of  aS""  for  m",  while  P.  acddiaai  and  P.  holivianum 
are  much  farther  removed,  A  direct  comparisoii  with  the  tirst 
molarof/*.ptfrw«nKw  is  impossible,  the  permanent  upper  molars 
of  that  species  being  unknown  ;  but  as  far  as  any  infei-oncc  can 
be  drawn  from  the  transverse  dimensions  of  the  deciduous  teeth, 
I  siioiild  expect  to  find  the  width  of  ra'  of  P.  peruanum  about 
equal  to  that  of  P.  auMUiai.  Whether  tliis  inference  is  correct 
or  not,  the  isolated  unper  molar  from  Aynsbamba  is  evidently 
from  some  small-sized  species  of  Parahipparion. 

The  posterior  portion  of  the  skull  of  Parahipparion.  lias 
never  been  described,  although  five  species  of  the  genus  have 
been  recognized.  The  only  cranial  parts,  besides  the  teeth, 
that  have  previously  been  collected,  are  the  maxillary,  premax- 
illary  and  palatine  elements,  and  the  mandible.  Therefore 
the  Vale  Expedition  was  fortunate  in  securing  at  Ayusbamba  a 
skull  apparently  belonging  to  this  genus.  This  specimeu, 
though  far  from  complete,  is  composed  largely  of  parts  regard- 
ing which   we   have  had  no  dehnite  knowledge.     A  careful 
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Gearcli  was  made  along  the  bottom  and  sides  of  a  email  ravine 
where  tliie  Bpecinieo  occnrrcd,  but  tlie  rest  of  the  eknll  was 
not  found. 

There  was,  in  the  poBsesEion  of  Dr.  Honiiialdo  Aguilar  of 
Cuzco,  a  fragment  of^  a  small  equine  skull  with  several  teeth, 
that  came  from  very  near  (his  same  place.  Although  I  liavc  had 
no  opportunit;y  to  examine  this  specimen  closely,  its  general 
appearance  and  the  circumstances  under  wliich  it  was  collected 
lead  me  to  believe  that  it  may  be  from  the  same  skull  as  the 
portion  taken  later  by  the  Yale  Expedition.  I  trust  that  Dr. 
Agnilar  will  soon  publish  views  and  a  description  of  bis  specimen. 

The  posterior  part  of  the  skull  is  shown  in  Plate  Vl,  figure 
I,  together  with  two  disconnected  hut  important  pieces  of  the 
nasal  and  premaxillary  bones  that  are  placed,  as  nearly  as 
possible,  in  ttieir  true  relative  positions.  Compared  with  the  view 
of  the  skull  of  Onohippidium  compressiaena  (fig.  2),  it  is  at 
once  seen  that  the  sknU  from  Ayusbamba  was  characterized  by 
slender,  freelv  projecting  nasal  bones,  very  similar  to  those 
of  Onohippidium  and  Ilippidium,  bonaerense.  A  conspicuous 
cheek-groove,  beneath  the  elongated  ascending  process  of  the 
premaxilla,  corresponds  in  part  to  the  anterior  cliamber  of  the 
"fossa  lacrymalis"  of  Ononippidium.  It  is  the  latter  genus 
that  this  skull  approaches  most  nearly  in  the  form  of  the  nasal 
bones,  in  thecheek-groovesof  the  maxillae,  and  in  the  depth  of 
the  alveolar  portions  of  the  maxillfe  below  the  facial  crests.  In 
the  shape  of  tne  zygomata  and  in  the  narrower  preorbital  breadth 
of  the  skull,  as  seen  in  Plate  VII,  figure  1,  the  resemblance  is 
rather  with  Ilippidium  bonaerense.  The  posterior  view  of  the  ' 
skull  is  shown  in  Plate  YI,  figure  3,  and  its  palatal  or  lower 
surface  in  Plate  VII,  figure  2.  The  skull,  while  indicated  by  the 
sutures  to  be  that  of  a  full-grown  animal,  is  smaller  in  nearly 
every  dimension  than  that  of  I/ippidivm  bonaerense,  especially 
in  the  transverse  measurements.  The  contrast  in  size  with  the 
skull  of  Onohippidium  is  even  greater.  To  compare  the  skull 
from  Ayusbamba  with  those  of  Otiohippidium  comprcasidena 
and  Ilippidium  honaerenee  as  fully  as  possible,  I  have  made  use 
of  valuable  data  recorded  by  Sefve,  and  have  arranged  some  of 
the  principal  measurements  of  these  three  crania  in  the  accom- 
panying table. 

Although  the  skull  from  Ayusbamba  and  that  of  Onohippi- 
<fiunic^mpf«MMf«nffdi£Eergre&tlyinactual  size,  their  proportions 
are  so  nearly  alike  that  their  generic  separation  by  cranial  charac- 
ters alone,  irrespective  of  size,  would  be  difficult  and  unsatisfac- 
tory. In  referring  the  Ayusbamba  skull  provisionally  to  Para- 
hipparion  I  am  influenced  not  onlv  by  the  slight  difierences  in 
cranial  form,  but  also  by  what  is  known  oi  the  geographic 
distributioQ  of  the  genera  Parahipparion  and  Onohippidtum. 
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DimMulonB  of  ikiiUa  in  rollUBMUn. 


Length,  toUl 

From  pMterior  maTgin  of  fonm«n  mafiiam  to  anteTkir 

border  of  p* 

From  poatenoT  mmigin  of  f onmen  maguiiin  to  paatwl< 

bonier  of  m' , 

Prom  paflt«riar  msigia  of  fontnan  nksntim  to  utArioi 

border  of  orbit ... 

From  oocipitat  point  to  ulterior  border  of  orbit 

Maiimam  lygomiitia  breadth . 

Zygomatic  breadth  Bcroee  Rleitoid  sarfMiea ... 

Occipital  oond)' lea,  maxlmnm  height...... 

Occipital  oondrles,  maximam  bre*dth 

Breadth  acroiw  oater  mai^Da  of  cundjrlea......... 

Breadth  of  o«  oooipitale 

Breadth  of  oa  occipitale  +  oa  petroanm  ..... 

Height  of  occipital  region 

Maximam  height  of  foramen  magnnm 

Maiimnm  breadth  of  foramen  magnam 


Tlie  foBsil  horses  that  have  been  found  in  the  mountains  of  Peru 
and  Bolivia  apparently  belong  to  small  short-l^i^ed  specieg  of 
Para/iipparwn,vf\nle  OnoAipjtidiumcompresetdent,  An  amma,] 
with  larger  head  and  longer  limbs,  has  been  found  only  in 
the  pampas  formation  of  the  Province  of  Bnenos  Ayrea,  near 
the  Atlantic  coast. 
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AsT.  X.—  Th»  "  Dam  "  at  Cheshire,  Conneotiout ;  by  Free- 
man Wabd. 

Ik  the  readjustment  of  tlie  pre-Glncial  Farmington  Kiver 
dams  of  glacial  drift  are  considered  to  play  an  important  part.* 
One  of  theee  dams — at  Clieehire — is  thought  to  have  ponded 
t]\e  waters  to  the  north  till  an  outlet  was  formed  to  the  Qum- 
iiipiac  Kiver  by  the  cutting  of  the  gorge  near  Sontli  Meriden. 

The  writer  belieTes  that  there  is  no  dam  of  glacial  drift  at 


V  ...,.:M 

W(dML^ 

-JliL^^J  ilf'' 

A  J;  ';/ 

.  -^^^^^'^^i^ . 

^'^y^^\^^^^^^L^'-' '  ^ 

//  h    S/frit^C^/ 

/'  '    '"'  V.  ^  ViSkSS&T 

(ly  jfSy 

y^CwWi- 

'*] 

vM&Xj. 

/rP^^^%tt^'i\ 

TT    y~*J^w^j""*^  / 

'■         S^  '>    ^\    '' "v'f- 

G 

n/v>jA 

■^;:v-;(rTr^3 

'■■■\Tt- 

I n'f'    s    i  ■•- 

Wi'-V'S          r.-f-/^, 

FlO,  1.  Dotted  line*  are  contonn— 100  foot  interral.  Dashed  linei  are 
BtreMDB.  Foil  HneB  are  roads.  Black  sqoaree  indicate  tfaat  bed-ruck  is 
either  at,  or  within  Are  feet  of,  the  anrface.  Figures  in  open  aqnareB  abow 
depth  to  bed-rook.     Soale — lenglh  (E.  &  W.)  of  area  shown  la  six  miles. 

ClieEhire  and  that  the  change  in  the  river's  course  was  brought 
about  in  another  manner. 

A  detailed  study  of  the  vicinity  of  Clieehire  shows  that 
there  is  no  great  accumulation  of  drift  at  that  point.  Tliere  is 
no  more  tillor  no  more  evidence  of  damming  atChesliire  than 
at  any  other  place  in  this  region.  In  fact  at  the  actual  site  of 
the  supposed  dam  (at  the  heads  of  Mill  River  and  Honey  Pot 
Brook  in  the  village  of  Cheshire)  the  bed  rock  is  either  directly 
exposed  at  the  surface  or  is  but  a  few  feet  below,  as  shown  in 
fig.  1. 
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All  examination  of  road  cute,  wells,  etc.,  alonz  a  strip  a 
couple  of  miles"  wide  from  Yalcsville  to  "Weet  Ifock  RidgO 
reveals  the  fact  that  if  all  the  drift  were  entirely  stripped  from 
the  rock  snrfaco  tlie  Qiiinnipiac  Kiver  would  etill  flow  oitt 
tlironph  the  gorge  at  South  Meridon.  A  very  natural  path  for 
the  old  Fanniiigton  to  have  taken  is  west  of  Cheshire  along 
the  course  of  the  railroad :  this  is  now  tilled  with  stratified 
drift.  But  even  here  a  well  shows  the  bed-rock  surface  to  be 
at  a  height  of  120  feet  above  sea  level,  while  the  head  of  the 
Qninnipiac  gorge,  at  Cheshire  Street,  is  100  feet. 

The  wal£  of  the  gorge  are  largely  covered  with  tiU; 
obviously  the  gorge  was  cut  before  the  glacier  arrived  on  the 
scene. 

Since  the  drift  seems  to  play  no  part  in  diverging  the 
waters  the  most  natural  explanation  lies  in  tiie  bed-rock  itself. 
It  is  believed  that  an  anticlinal  warping  of  the  bed-rock  on  an 
.  axis  running  about  N.  70°  W.  would  accomplish  the  result.  A 
gentle  anticHne  having  that  same  general  axis  is  known  some 
miles  to  the  sontheast  uetween  the  ends  of  Saltonstall  Kidge 
(Pond  Rock)  and  Totoket  Mountain.  Again,  the  main  trend 
of  tlie  gorge  itself  is  N.  70°  W.  and  it  is  possible  that  the  cut- 
ting was  initiated  at  that  particular  place  because  of  some 
fracturing  along  a  line  parallel  to  the  anticlinal  axis.  It  is 
possible,  too,  that  the  southern  termination  of  the  Hanging  Hills 
might  be  dependent  on  faulting  belonging  to  this  same  period 
of  movement. 

The  warping  in  question  is  pre-Glaoial  in  time. 
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Abt.  XI. — On  a  Progreaai/ve  Development  of  Mechanics 
based  upon  a  New  Form,  of  the  Fundament^  Principle  of 
the  Science  ;  by  H.  M,  Dadodbian. 

These  are  two  general  types  of  methods  which  are  aeed  in 
developing  ejstems  of  Mechanics,  and  which  may  be  called  the 
differential  and  the  integral  types.  Newton's  method  based 
upon  his  laws  of  motion  ie  of  the  iiret  type,  while  methods 
based  upon  the  principle  of  least  action,  or  upon  some  eqaiva- 
lent  integral  principle,  are  of  the  second  type.  In  order  to 
differentiate  between  systems  of  Mechanics  which  are  based 
npon  differential  principles  and  those  based  upon  int^ra) 
priociples  we  will  call  the  former  Newtonian  systems  and  the 
latter  Lagrangian  systems. 

In  view  of  the  fact  that  both  of  these  systems  are  the  result 
of  attempts  to  make  a  sketch  of  the  same  physical  universe  it 
is  natural  to  ask ;  Is  the  difference  between  the  two  systems 
due  to  a  difference  in  point  of  view  or  is  it  more  intrinsic  t 
Did  Newton  and  Lagrange  simply  sketch  the  same  dynamical 
structure  from  different  angles,  or  did  they  pictnre  two  dis- 
tinct and  different  objects?  That  these  masters  portrayed  the 
same  physical  nniverse  there  is  no  doubt ;  yet  it  will  not  be 
correct  to  state  that  the  pictures  which  they  drew  differ  only 
in  perspective.  There  is  a  difference  between  the  two  systems 
which  IS  more  fundamental  than  the  terms  "  point  of  view " 
and  "  angle  of  observation  "  imply.  The  relation  of  Newton's 
system  ot  Mechanics  to  that  of  Lagrange  may  be  illustrated  by 
a  comparison  between  an  "  unassembled  "  picture  of  a  machine 
with  its  "  assembled  "  pictnre.  In  an  unasBembled  pictnre  of 
a  generator,  for  instance,  the  pictures  of  individual  mechanisms, 
such  as  the  frame,  the  armature,  ihe  field  coils,  etc.,  are  shown 
and  are  so  placed  as  to  give  you  a  clear  idea  as  to  their  relative 
poeitious  in  the  assembled  machine.  On  the  other  hand,  only  a 
few  of  the  mechanisms  are  visible  in  the  assembled  pictnre, 
tbe  rest  being  concealed  by  the  frame.  Newton's  system 
represents  an  unassembled  picture  of  physical  phenomena.  It 
aims  at  bringing  into  view  tbe  inner  mechanisms  of  the  inter- 
actions which  result  in  natural  phenomena.  Unfortunately 
it  is  not  always  possible  to  reach  tnis  goal.  We  are  very  often 
unable  to  apply  Newton's  system  of  Mechanics  to  our  prob- 
lems. In  other  words,  it  is  not  always  possible  to  take  the 
machine  to  pieces.  In  such  a  case  an  assembled  picture  is 
drawn  by  tne  Lagrangian  method.  This,  however,  is  not 
as  satisfactory  as  an  unassembled  pictnre,  because  in  the 
former  the  nature  of  tbe  inner  mechanisms  is  left  to  the 
imagination  to  unravel.  Our  knowledge  of  a  physical  phe- 
Am.  Joub.  Sci.— Fourth Sbbus,  Vol.  XXXTII,  No.  318.— Fbbbuabt,  1914. 
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□omeDon  ie  not  satisfactory  nntil  we  can  apply  it  to  the  New- 
toniart  system  of  Meciiaoics.  In  fact  we  may  state  that  the 
extent  to  which  the  Newtonian  system  can  be  applied  to  a 
group  of  phenomena  is  a  meaeare  of  the  clearness  with  which 
we  understand  them. 

It  is  therefore  of  the  utmost  importance  for  the  develop- 
ment of  physical  science  to  have  the  principlee  which  underlie 
the  Newtonian  Mechanics  as  clearly  stated  as  possible.  The 
fact  that  so  many  eminent  Bcientists  have  severely  criticized 
Newton's  laws  of  motion  indicates  that  these  laws  are  not  the 
best  possible  foundation  upon  which  Newtonian  Mechanics  can 
be  based.  Some  of  the  important  jraints  raised  by  the  critics 
of  Newton's  laws  are  contamed  in  the  following  extract  from 
Hertz  :* 

"  We  swing  in  a  circle  a  stone  tied  to  a  string,  and  in  bo  doing 
we  are  oonacious  of  exerting  a  force  upon  ihe  stone.  This  force 
ConHtantly  deflects  the  stone  from  its  straight  path.  If  we  vary 
the  force,  the  mass  of  the  stone,  and  the  length  of  the  string,  we 
find  that  the  actual  motion  of  the  stone  is  always  in  accordance 
with  Newton's  second  law.  But  now  the  third  law  requires  an 
opposing  force  to  the  force  exerted  by  the  hand  upon  the  stone. 
With  regard  to  this  opposing  force  the  usual  eiplanatioii  is  that 
the  stone  reacts  upon  the  hand  in  consequence  of  centrifugal 
force,  and  that  this  centrifugal  force  is  in  fact  exactly  equal  and 
opposite  to  that  which  we  exert.  Now  is  this  mode  of  expression 
permissible  ?  Is  what  we  crII  centrifugal  force  anything  else 
than  the  inertia  of  the  stone  ?  Can  we,  without  destroying  the 
clearness  of  our  conceptions,  take  the  effect  of  inertia  twice  into 
account, — first  as  mass,  secondly  as  force  ?  In  our  laws  of  motion, 
force  was  a  cause  of  motion,  and  was  present  before  the  motion. 
Can  we,  without  confusing  our  ideas,  suddenly  begin  to  speak  of 
forces  which  arise  through  motion,  which  are  a  consequence  of 
motion?  .  .  .  These  questions  must  clearly  be  answered  in  the 
negative.  The  only  possible  explanation  is  that,  properly  speak- 
ing, centrifu<ral  force  is  not  a  force  at  all.  .  .  .  But,  what  now 
becomes  of  the  demands  of  the  third  law,  which  requires  a  force 
exerted  by  the  inert  stone  upon  the  hand,  and  which  can  only  be 
satisfied  by  an  actnal  force,  not  a  mere  name  ?  " 

"  I  do  not  regard  thesie  as  artificial  difliculties  wantonly  raised  : 
they  are  objections  which  press  for  an  answer.  Is  not  their 
origin  to  be  traced  back  to  the  fundamental  laws?  The  force 
spoken  of  in  the  definition  and  in  the  first  two  laWs  acts  upon  a 
body  in  one  definite  direction.  The  sense  of  the  third  law  is  that 
forces  always  connect  two  bodies,  and  are  dirtrcted  from  the  first 
to  the  second  as  well  as  from  the  second  to  the  first.  It  seems  to 
me  that  the  conception  of  force  assumed  and  created  in  as  by  tho 
third  law  on  the  one  hand,  and  the  first  two  laws  on  the  other 
hand,  are  slightly  different.  This  xlight  difference  may  be 
*Heinricb  Herts,  PrincipUs  oE  Mechsaics,  p.  5. 
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«nongb  to  produce  the  logical  obscurity  of  which  the  consequeDDeB 
are  manifest  in  the  above  example." 

These  remarke  of  Hertz  applj'  jttst  as  well  to  s  particle 
which  is  given  a  loDgitndiDal  acceleration  as  they  do  to  one 
vbicb  haa  a  transverse  acceleration  :  to  a  body  which  iiae  an 
angalar  acceleration  as  to  one  which  hae  a  linear  acceleration.* 

It  must  be  stated  that  the  critics  of  Newton's  laws  have  had 
greater  auccees  in  their  diagnoses  than  in  their  remedies.  While 
most  of  the  criticisms  have  been  well  taken,  the  proposed  snb- 
stitutes  for  the  laws  of  motion  have  been  unsatisfactory.  Hertz 
proposed  to  replace  Newton's  Mechanics  by  another  system 
oased  upon  the  principle  of  straighieet  path.  Therefore  to 
accept  Hertz's  proposal  amounts  to  discarding  Newton's  sys- 
tem and  not  to  improving  it.  Some  entbudiasts  of  the  prin- 
ciple of  the  conservation  of  energy  have  advocated  to  base 
dynamics  on  this  principle  alone  without  realizing  that  it  is  not 
saflicient  and  that  the  principles  of  the  conservation  of  linear 
momentum  and  of  angular  momentum  are  necessary  to  form 
an  adequate  basis.  Besides,  a  system  of  Mechanics  bused  upon 
theee  principles  can  serve  the  purpose  of  Newton's  Mechanics 
no  more  than  Lagrange's  system.  Systems  based  upon  inte- 
gral principles  can  supplement  but  not  supplant  Newton's 
Mechanics. 

Ernst  Mach  and  Karl  Pearson  have  each  proposedf  a  set  of 
postulates  to  take  the  place  of  the  laws  of  motion  in  which  the 
mutual  accelerationsot  particles  are  made  the  central  concepts. 
Without  going  into  a  detailed  discussion  of  these  postulates  it 
may  be  stated  that  they  contain  too  many  difficult  concepts 
and  are  too  complex  to  be  understood  by  the  beginner,  conse- 
quently they  are  not  suitable  bases  for  Newtonian  Mechanics. 

While  the  systems  of  Lagrange  and  Hertz  can  not  fill  the 
place  of  Newton's  system  they  indicate  the  direction  in  wbidi 
the  latter  can  be  improved.  These  systems  are  developed  in  a 
manner  which  may  be  called  the  unitary  form  of  developinent. 
The  entire  structure  of  each  system  is  based  npon  a  single 
principle  from  which  are  derived  all  special  laws  and  relations. 
This  underlying  principle  permeates  the  entire  subject  and 
gives  direction  to  its  development.  It  makes  the  science  a 
closely  connected  and  logically  developed  unit. 

*  It  !•  strange  that  man;  antbora  of  Mechanica  have  f«1t  a  necessity  for 
"  explaining  eentrifagal  foroe."  white  no  each  feeling  is  shown  with  regard 
to  the  aDBlf^OQS  rector  ma^itnde  in  motion  of  translation,  which  is  c^ed 
linear  kinetic  reaction,  la  this  paper.  This  is  another  indication  that  the 
famous  laws  of  motion  have  aomething  vi^^e  about  then  even  to  the  experta 
on  the  Bubject.  This  is  dae  to  the  lack  of  an  adequate  definition  of  the 
term  "  action  "  nsed  in  the  third  law. 

\  Em«t  Hach,  Science  of  Hechaaica,  p.  248.  Earl  Pearsan,  Grammar  of 
Science,  Chapter  Till. 
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In  this  connectioD  it  will  not  be  amiss  to  digress  a  little  on 


the  meaniues  of  the  tertne  "principle"  and  "law."  These 
terms  are  often  used  interclmngeably  in  scientitic  terminology. 
There  is,  however,  a  wholesome  tendency  to  limit  their  use  to 
convey  two  distinct  and  different  ideas.  A  principle  is  a  gen- 
eralization derived  from  a  great  nnmber  of  facts.  A  law,  on 
the  other  hand,  is  of  the  nature  of  a  defiuition.  The  former 
often  has  to  do  with  an  invariant  of  nature,  while  the  latter 
gives  the  form  of  dependence  of  one  variable  npon  others.  A 
principle  is  universally  trne  and  of  general  applicability ;  the 
validity  of  a  law  is  conditional  and  its  domain  of  applicability 
limited.  Principles  are  intuitive,  they  appeal  to  inherited 
instincts  and  acquired  experience.  Laws  are  empirical,  they 
appeal  to  the  intellect  ana  persona!  knowledge.  On  this  view 
the  conservation  of  energy,  the  conservation  of  momentum  and 
Newton's  third  law  of  motion  are  principles,  while  the  second 
law  of  motion  and  the  law  of  gravitational  attraction  are  laws. 

The  greatest  field  for  improvement  in  the  Newtonian  system 
of  Mechanics  lies  in  the  statement  of  its  underlying  principle 
and  in  the  construction  of  the  system  upon  this  principle  as 
foundation.  In  Newton's  laws  of  motion  a  real  principle  (the 
third  law),  a  definition  (the  second  law),  and  u  special  law 
(the  first)  are  placed  at  parity,  to  say  nothing  of  the  points 
bronght  forward  in  the  criticisme  made  by  H^rtz,  Mach,  and 
others.  On  the  other  hand,  the  various  sets  of  postulates  which 
have  been  proposed  as  substitutes  for  Newton's  laws  have 
their  own  limitations.  These  postulates  do  not  have  the  sim- 
plicity and  directness  of  the  laws  of  motion.  Besides,  they 
contain  principles  which  are  not  characteristic  of  Dynamics. 
For  instance,  tne  law  of  the  parallelogram  of  forcM,  which  is 
often  represented  as  a  dynamical  prmciple,  is  a  purely  geo- 
metrical axiom  in  its  general  form.  When  applied  to  forces 
it  only  states  that  forces  are  vector  magnitudes  and  conse- 
quently obey  the  geometrical  principle  of  tlie  independence  of 
mutually  perpendicular  directions. 

When  all  special  laws,  definitions,  and  non-dynamical  axioms 
are  brushed  aside  there  remains  a  single  dynamical  principle, 
of  which  the  principles  of  virtual  work,  of  least  action,  of  leatit 
curvatare,  and  of  least  constraint  are  different  forms.  The 
form  in  which  the  principle  ia  stated  determines,  in  a  great 
measure,  the  character  of  the  system  of  Mechanics  which  is 
based  npon  it.  Therefore,  when  the  system  of  Meclianics  is 
given,  as  in  the  present  case,  the  principle  must  be  so  stated  as 
to  satisfy  its  needs.  The  Newtonian  system  of  Mechanics  is 
primarily  the  beginner's  Mechanics ;  therefore  the  statement  of 
the  principle  should  be  adapted  to  the  needs  of  the  beginner 
as  well  as  those  of  the  advanced  student.    Like  the  second  law 
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of  Tberraodynamice  it  sliould  be  simple  and  direct,  yet  capable 
of  broad  interpretation.  It  ehould  convey  to  the  student  a 
depth  of  meaning  and  a  breadth  of  applicability  comnienBurate 
with  hie  knowledge  and  ability. 

In  a  recent  book  the  present  author  has  based  the  snbject 
upon  a  single  principle  and  developed  it  in  a  manner  which,  he 
believes,  deserves  the  attention  of  all  interested  in  the  science 
of  Mechanics.  The  principle  which  is  made  the  foundation  of 
the  snbject  states : 

The  sum  of  all  the  external  actions  to  which  a  body  (system)  or 
a  part  of  a  body  (system)  is  subject  at  any  instant  vanishes. 

2A  =  0-  (A) 

The  signiScapce  of  this  principle,  which  may  be  called  the 
action  principle,^  is  gradually  broadened  as  the  needs  of  the 
student  require  it.  Tnie  is  done  at  four  different  stages  and  in 
connection  witb  four  different  classes  of  problems,  namely,  the 
equilibrium  and  motion  of  a  particle  and  of  a  rigid  body.  Tbe 
following  statement  gives  the  salient  points  in  the  develop- 
ment and  the  line  of  reasoning  used. 

(1)  £quUibrium  of  a  particle.  A  particle  which  is  in 
equilibrium  is  subject  to  only  one  type  of  action,  namely,  the 
actions  of  other  particles  which  tend  to  set  it  in  motion.  The 
vector  magnitude  which  represents  the  action  of  one  particle 
upon  another  is  called  a  foi-ee ;  consequenth'  all  actions 
which  come  into  play  in  this  particnlar  class  of  problems  are 
forces.  Therefore  the  action  principle  states  that  the  sum  of 
all  the  forces  to  which  a  particle  in  tne  state  of  eqailibrinm  is 
subject  at  any  instant  vanishes.  Hence  the  following  relations 
form  the  conditions  of  equilibrium  of  a  particle : 

SX=o, 
SF  =  o,    2r=o,  (I) 

%Z=o, 

where  F  denotes  a  force,  while -T,  P",  and  Z  denote  the  magni- 
tudes of  its  components. 

(2)  Equilihrium  of  a  rigid  body.  It  is  shown  that  a  rigid 
body  is  capable  of  having  two  distinct  and  independent  types 
of  motion,  namely,  a  motion  of  translation  and  a  motion  of 
rotation.  Consequently,  a  rigid  body  is  capable  of  being  sub- 
jected to  two  distinct  types  of  action,  one  of  which  relates  to 
translation,  while  the  other  is  connected  with  rotation.     These 

*  Letters  in  black  type  daoote  vector  magnitadea. 

\  tn  tite  NewtoDian  ejstem  of  Mechanics  the  term  action  is  Dted  in  a  MDse 
different  from  that  in  advuiDed  Dfuamios,  therefore  there  is  no  danger  of 
COD  founding  this  piinciple  with  the  principle  of  least  action. 
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are  called  linear  acti<m  and  angvlar  tutioti,  respectively. 
Therefore,  the  action  principle  states: 

2{A,  +  A.)  =  0 ,  (A') 

where  A,  denotes  a  linear  action  and  A^  an  angular  action. 
Bnt  since  Aj  and  Ag  are  independent  of  each  other,  the  prin- 
ciple may  be  stated  in  two  parts : 

I.  7n«  sum  of  all  the  eaternal  linear  a^ione  to  which  a  body 
or  a  part  of  a  body  ie  subject  at  any  instant  vanishes  : 

5A,  =  0 .  (A,) 

II.  The  sum  ofaU  the  external  angular  actions  to  which  a  body 
or  a  part  of  a  body  is  sutject  at  any  instant  vanishes  : 

SA.=  0.  '  (A.) 

In  case  of  equilibrium,  forces  are  the  only  type  of  linear  action 
which  come  into  play  ;  on  the  other  hand,  torqnee  (defined  as 
that  aciwn  of  one  body  upon  another  which  tends  to  pro- 
duce a  motion  of  rotation)  are  the  only  type  of  angnlar  action. 
Therefore,  the  followinc  well-known  conditions  of  eqnilibrinm 
follow,  immediately,  from  the  two  sections  of  tne  action 
principle: 

SX=0, 
5F  =  o,    sr=o,  (I) 

2^  =  0. 

se  =  o,  2(?,=o,  (U) 

SC,  =  0, 

where  G  denotes  a  torque,  while  G^,  G^,  and  ff,  denot«  the 
magnitndes  of  its  components. 

(3)  Motion  of  translation.  Here  the  concept  of  linear 
kinetic  reaction  is  introduced  as  a  linear  action  which  is  the 
counterpart  of  force  and  which  appears  whenever  a  body  is 
given  a  linear  acceleration.  The  quantitative  definition,  or  the 
measure,  of  this  new  form  of  action  is  illustrated  by  means  of 
the  two  following  ideal  experiments. 

(a)  An  apparatus  consisting  of  a  spring  balance  S  (fig.  1).  an 
extensible  string  of  great  length,  and  a  block  B  is  set  up  on 
a  perfectly  smooth  Tiorizontal  table  T.  The  string  connects 
the  block  with  one  end  of  the  spring  balance,  the  other  end  of 
which  is  fixed  on  the  table.  Suppose,  now,  two  persons  to 
perform  the  following  experiment.     One  of  the  experimenters 
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pulls  the  block  away  from  the  balatrce,  thereby  stretching  the 
etring ;  while  the  other  observes  the  readings  of  the  balance. 
Since  the  system  is  in  eqailibrium,  two  eqnal  and  opposite 
forces  mast  act  at  the  two  ends  of  the  string.  In  other  words, 
the  poll  exerted  by  the  block  apon  the  string  equals  that  regis- 
tered by  the  balance.  The  pull  exerted  by  the  block  is  obvi- 
ously due  to  the  puil  exerted  by  the  person  who  holds  it. 
When  the  block  is  released  it  is  observed  that  the  reading  of 


the  balance  does  not  drop  to  zero  at  once.  In  fact  the  balance 
r^^ters  a  pull  so  long  as  the  length  of  the  string  is  greater 
tlian  its  natural  length.  In  other  words,  the  block  exerts  a  palt 
upon  the  string  in  spite  of  the  fact  that  there  is  no  force  which 
tends  to  pall  it  to  the  right,  nor  a  force,  like  friction,  which 
resists  its  motion  towards  the  left. 

In  order  to  account  for  this  action  of  the  block  we  may  take 
one  of  the  following  two  points  of  view.  We  may  attribute  it 
to  the  block  itself,  and  using  the  common  mode  of  expression 
state,  "  the  block  resists  the  accelerating  force  of  the  string 
and  thereby  acts  upon  the  latter  because  it  has  inertia."  Evi- 
dently this  amounts  to  stating,  "the  block  offers  a  resistance 
because  it  has  the  property  of  resisting."  In  this  "explanation" 
the  term  inertia  acts  as  a  sop  to  the  mind.  We  can,  on  the 
other  hand,  take  the  position  that  the  block  is  just  as  helpless 
against  acceleration  as  a  person  falling  in  space  is  against  fall- 
ing :  that  bodies  have  the  property  of  interaction  but  not  one 
of  resistance  to  action.  If  we  adopt  this  point  of  view  we  mast 
suppose  that  the  inertia  of  the  block  and  its  action  upon  the 
string  is  the  result  of  an  interaction  between  the  block  and  the 
ether  (or  whatever  may  take  its  place  in  future  physical  the- 
ories). In  other  words,  we  must  suppose  that  the  ether  acts 
upon  a  body  whenever  the  latter  is  given  an  acceleration.* 
This  new  type  of  action,  which  we  will  call  linear  kinetic  reac- 
*  Some  physiciBts  ma]r  consider  it  a  mistake  to  bring  the  ether  into  Dynam- 
ics. These  men  should  remember  that  tbe  ether  has  already  entered  this 
field,  and  that  oar  BCCeplance  of  the  electromagnetic  origin  at  msna  is  a  very 
important  coDcesaion  to  the  elaimH  of  the  ether  for  a  place  in  the  Science 
of  I>ynamice. 
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tion,  differs  from  forces  and  torqnea,  which  represent  interac- 
tioD8  between  matter  and  matter  and  not  between  ether  and 
matter. 

In  order  to  obtain  a  quantitative  defjuition  of  the  kinetic 
reactioii,  euppoee  the  experiment  to  be  continued  in  the  follow- 
ing manner.  After  the  block  ie  released  one  of  the  experi- 
menters observes  the  reading  of  the  balance,  while  the  other 
records  the  poBition  of  tlie  block  at  different  instants.  Then  a 
comparison  of  the  readings  of  the  balance  with  the  correspond- 
ing accelerations  of  the  block  (obtained  from  the  observations 
of  the  second  experimenter)  gives  the  following  resnU : 

R'      R"      R"'  ,,. 

/'=>-  =  /"■  =  ■■•■'"•  <^> 

where  /*'"  denotes  the  acceleration  of  the  block  at  the  instant 
when  tLe  balance  registered  the  pnll  H"^,  while  m  is  a  constant 
which  is  called  the  mass  of  the  block.  Thus  the  kinetic  reac- 
tion of  a  body  is  proportional  to  its  acceleration. 

If  the  blocks  be  replaced  by  other  blocks  and  the  exfwriment 
repeated  the  same  resnlt  will  be  obtained,  with  the  exception 
that  the  constant  m  will,  in  general,  be  different  for  different 
blocks.  If  the  readings  of  the  balance  are  compared  when 
different  blocks  have  equal  accelerations  it  will  be  found  that 

.5  =  f|=f' =  ..../,  m 

where  m„  m„  etc.,  denote  the  massosof  the  blocks,  determined 
in  the  foregoing  manner,  while  /  denotes  the  common  acceler- 
ation. Therefore,  the  kinetic  reaction  of  different  bodies  hav- 
ing equal  accelerations  are  proportional  to  their  masses. 

It  follows  from  (1)  and  (2)  that  the  measure  of  the  linear 
kinetic  reaction  is  given  by  the  relation 

ft^  =  -  m^f^ ,  (3) 

where  the  snbscripte  are  introduced  to  emphasize  the  fact  that 
all  three  of  the  magnitudes  involved  in  (3)  relate  to  a  motioD 
in  which  the  acceleration  is  tangential,  or,  longitudinal,  while 
the  negative  sign  is  introduced  to  take  into  account  the  fact 
that  Rt  and  fr  are  oppositely  directed. 

(b)  In  tlie  prcccdmg  experiment  the  acceleration  was  longi- 
tudinal :  we  will  now  coni^ider  a  case  in  which  it  is  transverse. 
Let  /*  (fig.  2)  be  a  particle  placed  upon  a  perfectly  smooth 
horizontal  table  T,  and  connected  to  a  spring  balance  S  bv 
means  of  an  inextcnsible  string,  which  passes  through  a  smooth 
hole  in  the  center  of  the  table.    If  tlie  particle  be  set  in  motion 
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so  that  it  will  describe  a  circular  path  it  will  be  obeerved  that 
its  Bpeed  remains  coDBtant  and  that  the  spring  balance  regiBters 
a  poll.  It  follows  from  the  second  observation  that  the  particle 
exerts  a  force  upon  the  string  and  in  turn  is  pulled  by  the 
string.  Considering  the  particle  alone,  we  see  that  it  is  pnlled 
towards  the  hole  but  does  not  approach  it,  and  this  in  spite  of 
the  fact  that  no  force  is  acting  upon  the  particle  to  counter- 
balance that  exerted  by  the  string.  In  order  to  account  for 
this  fact  we  mast  introduce,  again,  the  concept  of  the  kinetic 
reaction. 


-r\ 


xr 


The  measure  of  this  reaction  may  be  obtained  in  a  manner 
similar  to  that  employed  in  {a).  W  hen  different  transverse 
accelerations  are  given  to  the  particle  by  changing  its  speed, 
the  radios  of  its  path,  or  both  ;  and  tlien  these  accelerations 
are  compared  with  the  corresponding  readings  of  the  spring 
balance,  the  following  relations  will  be  found  : 

/'=7"  =  r'="--  =  '"  *^' 

where  S"*  is  the  reading  of  the  balance  which  corresponds  to 
the  acceleration/''^  while  m  is  a  constant  which  may  oe  called 
transverse  mass.  Therefore  the  transverse  kinetic  reaction  of 
a  particle  is  proportional  to  its  transverse  acceleration. 

If,  on  the  other  hand,  the  particle  is  replaced  by  others  and 
the  experiment  repeated,  the  following  relations  are  obtained : 


■=/, 


(*) 


where  m„  m„  etc.,  denote  the  transverse  masses  of  the  particles, 
while  ^„  B„  etc.,  denote  the  readings  of  the  spring  balance 
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which  correeponds  to  a  common  transverse  acceleration  /. 
Thns  the  trEmsverse  kinetic  reactions  of  different  particles 
having  eqnal  transverse  accelerations  are  proportional  to  their 
transverse  masses. 

It  follows,  therefore,  that  the  qnantitative  definition  of  the 
transverse  kinetic  reaction  is  given  by  the  relation 

R.  =  -  m.f.  ,  (6) 

where  the  sabacripts  are  introdnced  in  order  to  empbasize  the 
fact  that  the  magnitudes  involved  in  (6)  relate  to  uie  normal, 
or  transverse,  direction. 

When  the  same  STBtom  of  units  are  used  U)  meaenre 
-ff'')  Jint  f  *nd  f,^,  it  will  be  found  that  wir  and  m,  are 
equal.  Therefore,  when  a  particle  has  a  transverse  as  well  as  a 
longitudinal  acceleration,  the  tutal  linear  kinetic  reaction  is  the 
sum  of  R  and  R".    Tlins, 

R,=    Rr  +  R. 

=  -  »»V  ,  (7) 

where  v  denotes  velocity,  vr  the  tangential  component  of 
the  acceleration,  and  v  the  total  acceleration  of  the  particle; 
while  p  denotes  the  radius  of  corvature  of  the  path,  measured 
from  the  center  of  curvature. 

The  linear  kinetic  reaction  and  forces  are  the  only  tvpes  of 
linear  action  which  a  body  experiences.  Therefore,  tne  first 
section  of  the  action  principle  leads  to  the  relations : 

SF.  +  R,  =  0, 
or  F  =  -  R, 

=  -nv  ,  (HI) 

where  F  denotes  the  resultant  force. 

The  last  relation,  which  is  called  force  equation,  is  then 
resolved  into  two  component  equations  which  correspond  to 
the  directions  parallel  to  the  tangent  and  to  the  normal  to  the 
path  of  the  particle.    Thus 

F-  =mv 


,^w^ 
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where  J*",  Ft,  and  F„  denote,  respectively,  the  m^nitudee  of 
the  resultant  force  and  of  its  tangential  ana  normal  components. 

(4)  Motion  of  rotation.  Here  tiio  concept  of  angular  kin- 
etic reaction  is  introduced  as  the  counterpart  of  torqneB,  which 
come  into  play  whenever  a  body  ie  given  an  angular  accelera- 
tion. The  quantitative  definition  of  this  new  type  of  action  is 
obtained  in  a  way  quite  analogons  to  the  manner  in  which  the 
measure  of  the  linear  kinetic  reaction  was  obtained. 

Consider  a  flywheel,  which  is  perfectly  balanced  and  per- 
fectly free  to  rotate  about  a  horizontal  axis.  In  order  to  start 
the  flywheel  in  motion  or  to  stop  it  a  torque  must  be  applied. 
Therefore  the  flywheel  experiences  an  angular  kinetic  reac- 
tion when  it  ii  given  an  angular  acceleration.  If  the  angnlar 
acceleration  of  the  flywheel  is  observed  at  different  instants 
and  simultaneous  observations  are  made  of  an  arrangement 
which  measures  the  kinetic  reaction  it  will  be  found  that  the 
following  relatione  hold : 

^:'  =  ?;"  =  -^C  =  ....  =  /,  (8) 

where  i>  denotes  the  angular  acceleration,  R^  the  correspond- 
ing kinetic  reaction,  and  /  a  constant  which  is  called  moment 
of  inertia  or  angular  inertia  and  which  plays  a  role  analogous 
to  that  played  by  the  mass  of  a  body  in  motion  of  translation. 
Thus  the  angular  kinetic  reaction  of  a  body  rotating  about  a 
given  axis  is  proportional  to  the  angular  acceleration. 

If,  on  the  other  hand,  equal  angular  accelerations  are  given  to 
different  bodies  or  to  the  same  body  about  different  axes  and 
the  moments  of  inertia  determined  in  the  foregoing  manner 
the  following  relations  will  be  found  : 

J.    -    j„    -  j;.,. -,  W 

where  w  denotes  the  common  angular  acceleration.  There- 
fore, the  angular  kinetic  reactions  of  different  bodies,  or  of  the 
same  body  relative  to  different  axes,  are  proportional  to  the 
corresponding  moments  of  inertia.  It  follows  therefore  that 
the  following  relation  defines  the  angular  kinetic  reaction  : 
R.  =  -  7<i  ,  (10) 

where  the  negative  sign  is  introduced  to  take  into  account  the 
fact  that  Rg  and  w  are  oppositely  directed. 

The  angular  kinetic  reaction  and  torques  are  the  only  types 
of  angnlar  actions  which  come  into  play  ;  therefore  the  second 
section  of  the  action  principle  states  : 
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S6,  +  R.  =  0 , 
or  S  =-R. 

=  Ii,  (IV) 

where  G  denotes  the  reenltaut  torqne.  By  compariog  the 
expression  for  the  momentB  of  the  Kinetic  reactions  of  the 
elements  of  a  rotating  body  with  eqnation  (IV)  it  may  be 
shown  tliat  tlie  foregoing  experimental  definition  of  moment 
of  inertia  is  equivalent  to  the  common  analytical  definition. 

In  this  treatment  of  the  science  of  mechanics  the  principles 
of  the  conservation  of  dynamical  energy,  of  linear  momentum 
and  of  angular  momentum  are  derived  from  the  action  princi- 
ple and  are  used  as  supplementary  nrinciples. 

The  form  of  the  statement  of  tlie  action  principle  and  the 
way  in  which  its  significance  is  developed  do  away  with  the 
dimcolties  which  arise  from  confounding  the  linear  kinetic 
reaction  with  a  force  and  the  angular  kinetic  reaction  with  a 
torque.  A  clear-cut  distinction  is  made  between  force  and 
torqne  on  the  one  hand  and  the  two  forms  of  kinetic  reaction 
on  the  other.  TAe  former  represent  interactions  between 
matter  and  matter  while  the  latter  represent  interactions 
between  ether  and  matter.  On  this  view  inertia  is  not  a 
resistance  which  bodies  oSer  to  an  accelerating  force.  The 
conception  of  two  gravitating  particles  attractmg  each  other 
and  at  the  Bame  time  resisting  attraction,  imparting  accele- 
ration yet  offering  resistance  to  acceleration,  is  obtained  by 
analogy  from  tug-of-war.  But  the  analogy  does  not  hold 
good  unless  something  is  introduced  into  the  conception  of  the 
gravitating  particles  which  will  play  the  same  roll  as  the  com- 
mon ground  on  which  the  men  playing  tng-of-war  stand. 
Without  such  a  common  ground  there  can  be  no  tug-of-war. 
"We  can  not  "  without  destroying  the  clearness  of  our  concep- 
tions take  the  effect  in  inertia  twice  into  account — first  as  mass 
and  secondly  as  force."  The  point  of  view  outlined  here  com- 
pletes the  analogy  by  introducing  the  necessary  "common 
ground." 

In  addition  to  clarifying  the  fundamental  principle,  the 
development  outlined  in  this  paper  unifies  the  presentation  of 
the  science  of  Mechanics  to  a  great  extent,  makes  it  progressive 
and  graded.  A  tremendous  gain  is  thus  made  in  economy  of 
effort. 

The  following  derivation  of  Newton's  third  law  of  motion 
illustrates  the  simplicity  with  which  dynamical  laws  and 
theorems  can  be  derived  from  the  action  principle. 

Consider  two  interacting  particles :  Let  ni,  and  »i,  be  the 
masses,  and  v,  and  v,  the  accelerations  of  the  particles.     Fur- 
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ther  let  F„  denote  tlie  force  on  m,  due  to  m,  and  F„  the  force 
OD  m,  due  to  m,.  Then  if  the  two  particleB  are  conBidered  as 
one  system  the  only  external  actions  are  their  kinetic  reactions, 
therefore  the  action  principle  gives 

my,  +  m,v,  =  0,  (1) 

or  y!=_  -•,  (2) 

which  states  that  the  mutual  acceleration  of  two  particles  are 
oppositely  directed  and  are  inversely  proportional  to  their 
masses.  When  the  particles  are  regarded  as  separate  syBtems, 
then  the  action  principle  gives 

F„  +  m,V,=  o  (3) 

and  F„  +  »!,*,  =  0-  (4) 

From  the  last  two  equations  and  equation  (1)  we  obtain 

F„  =  -F„,  (5) 

which  is  Newton's  third  law  of  motion. 


Dcillizedoy  Google 


T.  L.  Walker — Temiakamite. 


AsT.    XII, —  Temiskamite,    a    new    nickel     arsenide    from 
Ontario ;  by  T.  L.  Walkek. 

A  FEW  weeks  ago  the  Royal  Ontario  MuBeutn  of  Mineralogy 
received  some  specimens  of  niccolite  from  the  Moose  Horn 
Mine,  Elk  Lake,  Ontario.  On  examining  some  of  the  mate- 
rial it  was  observed  that  much  of  the  supposed  niccoHte  was 
much  paler  in  color  than  normal  niccolite.  The  examinatioDB 
thus  initiated  are  detailed  in  the  following  paragraphs. 

I*aragene«i8. — This  mineral  occurs  in  caiciie  veins  carrying 
niccolite  and  smaller  amounts  of  natire  bismuth  and  silver. 


The  new  mineral  appears  to  be  one  of  the  first  to  form.  It  is 
bordered  and  fringed  by  niccolite  and  bismuth,  while  the  cal- 
cite  appears  to  be  later,  as  it  fills  in  all  the  space  between  the 
branching  masses  of  the  other  minerals. 

Physical  pyoperties. — Color,  silver-white  with  a  touch  of 
red,  tarnishing  very  quickly  to  madder  gray,  and  after  pnj- 
longed  exposure  to  tints  resembling  those  of  bornite.  Hard- 
ness, 5-5;  si>eeitic  gravity,  7'901 ;  fusibility,  2;  luster,  metal- 
lic ;  opaque ;  not  magnetic  ;  streak,  brownish  black. 

Cryatallography. — This  mineral  occurs  in  radiating  libroue 
masses  suggesting  rammelsbergite  in  structure.  No  crystal- 
lized material  has  yet  been  obtained.  Traces  of  cleavage  are 
seen  upon  examining  polished  surfaces  with  the  microscope. 
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The  radiating  fibrous  masses  are  bnilt  up  into  arborescent 
botryoidal  forma,  the  onter  surface  sometimes  covered  with 
niccolite  or  bismuth  or  bj  a  very  thin  layer  of  aoroe  nndetei^ 
mined  black  mineral  resembling  native  arsenic  (fic^nre  1). 

Chemical  properties. — In  strong  nitric  acid  tne  mineral  is 
attacked  with  violence  accompanied  by  the  evolution  of  red 
fames  and  the  separation  of  a  very  small  amount  of  sulphur, 
which  later  oxidizes  so  that  complete  solution  results.  In  eul- 
phnric  acid  the  decompueition  is  slower  while  in  hydrochloric 
acid  the  mineral  is  only  very  slowly  dissolved.  Closed  tube, 
a  very  slight  deposit  of  crystallized  arsenions  oxide;  open 
tube,  abundant  deposit  of  the  same  oxide,  the  oxidized  residue 
greenish  in  color ;  plaster  cast,  coating  for  arsenic  and  in 
smaller  degree  bismuth;  charcoal  alone,  the  easily  fusible 
mineral  melts  to  a  bright  bead  and  oxidizes,  covering  the  char- 
coal with  arsenious  acid,  the  bead  after  long  treatment  being 
magnetic. 

Chemical  analysis. — Several  grams  of  this  mineral  appar- 
ently free  from  the  associated  minerals  was  selected,  ground 
finely,  dried  at  110°  C.  and  analyzed  with  the  following  result : 

Nickel 49-07^  -H  587  =  -8359  ).„„.„ 

Cobalt 1-73^  ^  5i)-     =  -0293  J        ''■^ 

Iron trace 

Arsenic 46-34^  -^  75"     =-6179) 

Sulphur 103^ -^  32-    =0321) 

Antimony not  determined. 

Bismutb '55^ 

98-72^ 
■8652  -^  2163  =  4  ratio  of  Ni  +  Co, 
■6500  -i-  2163  =  3-005  ratio  of  As  +  S. 

From  the  above  analysis  and  calculation  it  seems  very  prob- 
able that  this  is  a  new  mineral  whose  chemical  composition 
may  be  expressed  by  the  forninla  (Ni,Co},.{As,S),  or,  apart 
from  very  small  proportions  of  isomorphous  elements,  Ni,As,. 

The  small  amount  of  bismuth,  it  will  be  observed,  is  not 
included  in  the  above  calculation,  as  it  seems  probable  that  it 
occurs  in  the  form  of  small  particles  of  native  bismuth  included 
in  the  mineral. 

Although  this  mineral  has  not  yet  been  found  crystallized  it 
seems  reasonable  to  regard  it  as  a  new  species,  first,  because  of 
the  exact  ratio  resulting  from  the  analysis  and  calculation,  and 
second,  because  we  do  not  know  any  minerals  which  could  be 
mixed  so  as  to  prodnce  an  aggregate  of  the  above  composition. 
Millerite  contains  as  high  a  ptsrcentage  of  nickel  but  in  it  the 


■6500 
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entphar  percentage  is  verj  high,  la  the  ctoseification  this  nev 
mineral  belon)i;e  to  the  dyacraette  gronp  and  to  the  baae 
diviBioD  of  the  enlphidefl.* 

The  mine  from  which  the  material  was  obtained  lies  some 
distance  to  the  west  of  Cobalt,  bnt  as  the  mineral  associations 
are  the  same  in  both  camps  it  seems  probable  that  this  new 
mineral  should  be  found  in  the  Cobalt  mmes  if  carefully  looked 
for.  To  indicate  the  r^on  from  which  the  first  specimens 
were  obtained  I  sofz^cest  that  this  mineral  be  called  Temiskamite 
from  the  district  of  Temiskamint^  in  northern  Ontario. 

I  wish  to  thank  my  assistant,  Mr.  U.  T.  Ellsworth,  for  assist- 
ance in  connection  with  the  chemical  analyses. 


*  Btiio«  miting  the  Bbova,  tnjr  fttt«iiUoii  hma  been  called  to  the  new  minetil 
Hancherite,  recently  deeoribed.  This  mtneral  haa  the  ohemfcal  oompo«iti«i 
rapresented  bj  NiiAa,  and  is  eppAKntly  clooel;  related  to  TemiskMnite. 
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Aar.  XIII. — The  Use  of  the  Ammonium  Salt  of  Nitrosopke- 
nylhydroxylamine  ("Gupferron")  in  the  Quantitative 
Separation  of  Titanium  from,  Iron  ;  by  William  M. 
Thokhton,  Jk. 

[Contribatlotie  from  the  Kent  Chemical  Laborator;  o(  Yale  Umv.  — coliv.] 

NiTKoaopHENYLnTDBOiYLAMiNE  was  fifst  Bvntheetzed  by 
Wob].*  The  ammoninni  salt  of  nitrosophenylhydrozylamine 
wae  broDgbt  into  service  in  analytical  cbemistry  by  Bandischt 
for  tbe  estimation  of  either  copper  or  iron,  the  separation  of 
these  two  metals  from  various  others,  and  indirectly  for  the 
Beparation  of  the  former  from  the  latter.  Owing  to  these 
properties,  the  trivial  name  of  "  Cupferron  "  has  been  applied 
to  the  aramoninm  salt  of  nitrosopbenylhydroxylamine.  Tbe 
analytical  data  given  by  Baudisch  are  few  and  not  absolutely 
confarmatory.  Since  tlien,  however,  various  other  workers 
(notably  Biltz  and  Hodtke,:^  Ilanus  and  Soakap,§  and  Frese- 
Dins  I)  have  thoroughly  demonstrated  the  value  of  this  reagent 
for  tbe  qnantitative  precipitation  of  either  copper  or  iron  and 
their  separatioD  from  various  other  bodies.  In  connection 
with  other  work,  Schroeder^  has  made  the  statement**  that 
titanium  and  zirconium  could  be  quantitatively  precipitated 
from  their  acid  solutions  by  the  "cupferron"  reagent,  and  that 
experiments  were  in  progress  for  the  estimation  of  these  two 
elements.  Schroeder,  however,  gave  no  experimental  data 
and  has  not  pnblbhed  farther  upon  tbe  subject.  Bellucci  and 
Grassift  have  shown  that  from  solutions,  mitderately  acidified 
with  either  snlpburic  or  hydrochloric  acid,  titanium  eonld  be 
qDantitatively  precipitated  by  the  "cupferron"  reagent,  and 
that  titanium  could  also,  under  these  conditions,  be  quantita- 
tively separated  from  aluminum.  Under  these  circumstances 
the  titanium  comes  down  as  a  very  bulky,  readily  filterable, 
precipitate  of  canary  yellow  color.  In  the  opinion  of  the  afore- 
said antbors  the  precipitate,  after  having  been  cirstallized  from 
ethyl  alcohol,  is  the  titanic  salt  of  nitrosophenylhydroxylamine, 

*  II  I  Ti. 

•Ber.  chem.  Qtm.,  iivii,  1185,  18M. 

tChem.  Zeltaug,  uiiii,  1368.  1909. 

IZeitscbr.  aDorg.  Chem.,  Izri,  436,  1010. 

§  Ibid.,  liriii,  33.  IBIO. 

[Zeitachr.  anal.  Chem.,  1,  35,  1011. 

llZeilschr.  Anoig.  Chem.,  Ixxii,  80,  1911. 

•*  Loc.  cit.,  page  05. 

ffOautU  Cbimica  Itelituuk,  Anno  zliii,  parte  I,  570,  1913. 
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It  bas  been  known  for  a  long  time  that  certain  organic  adda, 
containing  both  bydrox}'!  and  carboxyl  gronpe,  each  aa  tartaric 
acid  and  citric  acid,  hare  the  power  to  prevent  the  precipitation 
of  certain  metale  when  their  solutions  are  made  alkaline  with 
eodinm  or  potassium  or  ammonium  hydroxide.  This  principle 
was  made  nse  of  by  Grooch*  for  the  separation  of  titaniam  from 
iron;  for,  if  the  solution  contain  sufficient  tartaric  acid, the  iron  can 
be  precipitated  by  ammonium  sulphide  as  ferrons  salphideand  the 
titaninm  will  then  be  found  entirely  in  the  iron  free  nitrate.  The 
next  step  is  to  oxidize  the  tartaric  acid ;  for  titanium  is  not  precip- 
itated in  its  presence  by  any  of  the  reagents  previously  nsed  for 
its  gravimetric  estimation.  This  was  accomplished  by  Gooch,t 
after  strongly  acidifying  with  sulphuric  acid  by  adding  potas- 
sium permanganate  to  the  boiling  aqueous  solution.  This 
process  is  open  to  tlie  objection  that  a  great  deal  of  manganese 
is  thus  introduced  into  the  solution  and  is  copreeipitated  iu 
some  measure  when  the  titaninm  is  subsequently  tlirown  down 
by  hydrolysis  of  titanic  acetate.  A  second  precipitation  is 
therefore  necessary,  which  must  be  preceded  by  fusion  with  an 
appropriate  flux  and  solution  of  the  melt  in  acid.  The  author's 
experiments  show  that,  after  acidifying  the  filtrate  from  the 
ferrous  sulphide,  the  titanium  can  be  quantitatively  precipitated 
by  the  "  cupferron  "  recent,  notwithstanding  the  presence  of 
tartaric  acid. 

Two  solutions  of  titanic  sulphate  were  employed  for  these 
experiments ;  which  were  prepared  by  warming  potassiam 
fluotitanate  with  concentrated  sulphuric  acid  until  all  the 
hydrofluoric  acid  had  been  volatilized,  pouring  into  cold  water, 
and  making  up  to  known  volume.  The  quantity  of  sulphuric 
acid  used  was  such  that  the  resulting  solution  contained  about 
10  per  cent  of  absolute  acid.  In  the  case  of  the  second  solu- 
tion, the  trace  of  platinum  was  removed  by  saturating  the 
solution  with  hydrogen  sulphide,  filtering  off  the  platinic  sul- 
phide, boiling  out  the  hydrogen  sulphide,  filtering  again,  and 
making  up  the  solution  t«  definite  volume.  The  tirst  solution 
was  standardized  by  taking  weighed  portions  of  25™"  and  pre- 
cipitating the  titanium  by  hydrolysis  of  the  acetate.  The  boIu- 
tion  was  made  nearly  neutral  with  redistilled  ammonium 
hydroxide — until  a  faint  permanent  turbidity  appeared.  One 
cm'  of  a  strong  solution  of  ammonium  hydrogen  snlpbite  was 
added,  followed  by  15  grams  of  ammonium  acetate  and  20  grams 
of  glacial  acetic  acid,  and  the  solution  made  up  to  400™'.  This 
solution  was  brought  rapidly  to  boiling  and  maintained  in  ebul- 
lition for  one  mmute.  The  precipitate  was  washed  twenty 
times — first  with  boiling  5   per  cent  acetic  acid,  and  finally 

•Ptoc.  Am.  Acad.  Aria  nnd  Sci.,  a.e.,  vol.  lil,  p.  436;  Chem.  Hawi,  Ui, 
65.  66. 

t  Loc.  oit.,  p.  445. 
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with  boiling  water.  In  the  nsnal  manner  the  precipitate  was 
ignited  to  titanic  oxide  and  brought  to  constant  weight  over 
the  Meker  burner.  Duplicate  determinatione  gave  the  follow- 
ing reenlts: 


Titanio  inlphate  lolii. 


TiUnio  oxide 


(a)  25™' O  37-308  grms. 01437  grm.     0-«226!< 

(b)  26""  O  27-319  grms 0142B  grm.     06227;« 

Since  these  two  valnes  agreed  so  cloaely,  (b)  was  arbitrarily 
taken  as  correct  The  second  solntion  was  standardized  by 
taking  two  weighed  portions  of  25'""'  and  24™'  respectively  and 
determiniDg  the  titanium  in  one  (a)  by  the  acetate  method  given 
above  and  in  the  other  (b)  by  the  "cnpferron"  method  of 
Bellncci  and  Graesi*  (the  exact  techniqne  of  which  will  be  given 
presently).  Duplicate  determinations  gave  the  following 
resnlts: 


TitAoic  Holpbats  soln. 


Titanic  oxide 


(a)  26™' O  27-8I4  grms. 01066  grm.     0'3832;< 

(b)  24™»  =C=  26-667  grms. 91022  grm,     0-38S9j< 

Since  these  two  determinations  agreed  exactly,  the  value  here 
obtained  was  taken  as  correct. 

A  solution  of  ferric  sulphate  was  prepared  by  dissolving 
Baker's  analyzed  ferric  ammouium  ealphale  in  water,  adding 
25™'  of  concentrated  sulphuric  acid  per  liter  to  prevent  the 
formation  of  basic  salt,  filtering,  and  making  np  to  definite 
volume.  In  one  portion  (a)  of  25™'  the  iron  was  determined  by 
titration  with  potassium  permanganate  after  reduction  by  zinc 
— the  potassium  permanganate  having  been  previoasly  stand- 
ardized against  sodium  oxalate.!  ^^  another  portion  (b)  of 
35™*  the  iron  was  determined  by  precipitation  with  redis- 
tilled ammonium  hydroxide  in  a  platinum  basin  aud  ignition 
of  the  precipitate  to  ferric  oxide.  Parallel  determination  gave 
the  f  olh>wing  results : 

Ferric  solphAte  loln.  Ferric  oxid» 

<a)     25™'    0-2267  grm. 

(b)     26™' 0-2269  grm. 

The  valne  obtained  in  (a)  by  the  volnmetric  method  was  arbi- 
trarily taken  as  correct. 

tTbe  BOdinm  oxalate  vaa  obtained  from  the  BiiT«aa  of  Standards,  Wash- 
ington, D.  C. 
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The  supply  of  "cupferron  "  for  these  experiments  was  pre- 
mred  Id  this  laboratory  according  to  the  directions  eiven  by 
Bandisch,*  An  approximately  6  per  cent  solution  of  the  salt 
was  made  by  dissotviog  it  in  cold  water  and  filtering  from  any 
insoluble  residue  that  remained. 

The  first  series  of  experiments  was  carried  out  with  a  view 
to  ascertaining  whether  or  not  titanium  could  be  completely 
precipitated  and  accurately  determined  in  the  presence  of  tar- 
taric acid.  To  a  solution  containing  a  known  quantity  of  titan- 
ium a  little  more  than  three  times  the  weight  of  the  titanic 
oxide  present  was  added  of  tartaric  acid.  The  solution  wa« 
made  neutral  to  litmus  with  ammonium  hydroxide,  then  acid 
again  with  5™'  of  snlpbunc  acid  (made  by  diluting  acid  of 
sp.  g.  =  l'S4  with  an  eqnal  volume  of  water),  and  tbe  volume 
made  up  to  200™*.  A  little  more  than  the  calculated  amount 
of  "cupferron"  solution  was  added  and  the  beaker  set  aside 
for  the  precipitate  to  settle.  The  supematent  liquid  was  tested 
by  adding  a  few  drops  of  tbe  reagent,  which  were  made  to  run 
down  the  wall  of  the  beaker.  The  formation  of  a  white  pre- 
cipitate of  nitrosophenylhydroxylamine  indicates  that  the  re- 
cent has  been  added  in  excess,  while  the  formation  of  a  yellow 
tnrbidity  shows  that  the  titanium  had  not  been  completely 
thrown  out.  It  is  well  also  to  test  the  filtrate.  The  precipi- 
tate was  filtered  on  paper  using  very  gentle  suction  and  washed 
twenty  times  with  cold  water.  During  the  washing  tbe  suction 
should  be  almost  stopped  to  prevent  tlie  wash  water  from  run- 
ning through  too  fast  to  accomplish  much  solvent  work.  Tbe 
precipitate  is  very  prone  to  develop  mud  cracks  and  ebonld 
therefore  be  ^itated  with  the  stream  of  water  from  the  wash 
bottle  as  ninch  as  possible.  After  having  been  sucked  free 
from  drainage  water,  the  precipitate  along  with  the  filter  was 
placed  in  a  tared  platinum  crucible,  dried  at  110°  C,  veiy 
carefully  heated  until  the  volatile  products  of  destructive  distil- 
lation had  escaped,  the  inclined  open  crucible  ignited  till  all 
carbon  had  been  consumed,  and  finally  brought  to  constant 
weight  over  the  Meker  burner.  If  it  is  desired  to  save  time, 
the  precipitate  can  be  dried  by  inclining  the  crucible,  support- 
ing the  lid  tongue  downward  on  the  triangle  and  edge  of  the 
crucible,  and  applying  a  small  fiame  beneath  tbe  lid.  The  heat 
is  thus  deflectea  downward  and  the  precipitate  gradually  dried 
from  above  with  little  danger  of  spattering. f  It  is  unadvis- 
able  to  dry  the  precipitate  in  the  funnel ;  for  at  a  low  tempera- 
ture the  substance  melts,  or  at  least  assumes  a  plastic  condition, 
and  penetrates  the  pores  of  the  lilter;  moreover,  tbe  dried 


*Chem.  ZeitaaE,  luv,  913,  1911. 

^  Sm  Analytical  CbemiBtry,  Treadwell  [traiulatod  by  Hall],  vol.  U,  p.  29, 
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material  is  very  brittle  and  on  attempting  to  fold  the  paper 
and  introduce  it  into  the  crucible  particles  are  likely  to  fly 
away  and  be  loet.  In  ezperimenta  (1)  and  (4)  the  filtrauon  was 
earned  out  on  asbeetoe  in  the  perforated  platinnm  crucible. 
Due  to  the  above  mentioned  property,  a  little  titanic  oxide  was 
found  OD  the  outer  surface  of  the  cracible  after  ignition.  This 
method  of  filtration  was  therefore  abandoned.  Table  I  con- 
tains the  results  of  three  experiments. 


1.  0-1428  0-1436  -0-0002 

2.  0-1428  0-1429  +0-0001  0*6 

3.  0-1066  O-lOeS  —0-0003  0-4 

In  the  second  series  of  experiments  actual  separation  of  titan- 
inm  from  iron  was  carried  ont.  To  facilitate  the  reduction  of 
the  iron  the  solntion,  to  which  tartaric  acid  equal  to  three  times 
the  weight  of  the  titanic  oxide  and  ferric  oxide  present  had 
been  a<med,  was  neutralized  by  ammonium  hydroxide,  1  to 
2™'  of  sulphuric  acid  (1 : 1)  added,  and  the  volume  made  up  to 
aboat  100™".  Hydrogen  sulphide  was  then  introduced  till  the 
fiolntion  appeared  colorless.  If  the  iron  is  not  thus  reduced 
before  its  precipitation,  titanium  will  be  thrown  down  in  part 
also.*  The  solution  was  then  made  ammoniacal  and  more 
hydrogen  snlphtde  introduced,  until  the  iron  bad  been  com- 
pletely precipitated  as  ferrous  sulphide — leaving  the  aolntion, 
nowever,  alKaline  to  test-paper.  The  ferrous  sulphide  was 
filtered  oS  and  washed  ten  times  with  very  dilute  colorless 
ammonium  sulphide.  The  filtrate  was  acidiiied  with  25™"  of 
sulphuric  acid  (1 : 1),  the  hydrogen  sulphide  boiled  out,  the  acid 
partially  neutralized  with  ammonium  nydroxide  so  as  to  leave 
about  a-S"'  of  sulphuric  acid  (1 : 1)  for  every  100™'  of  the 
Eolntion,  and  the  "  cupf erron  "  added  in  the  cold.  Table  II 
contains  the  results  of  four  experiments. 


TabuiII. 

TiO, 

Fe.O, 

TiO, 

takeo 

fonnd 

Error 

grm- 

grm. 

grm. 

grm. 

0-1428 

0-2267 

0-1424 

—0-0004 

0-1428 

0-2267 

01430 

+  0-0002 

0-1066 

0-2267 

0-1068 

-t- 0-0002 

01063 

0-2267 

0-1061 

-0-0002 

'CsUiTein,  A.,  ZaitschT.  Kryat.,  vi,  i 
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In  the  third  series  of  experimente  the  eolntion  containinj^ 
the  titanium  and  iron  was  divided  into  two  aliquot  parte  bv 
weight.  In  one  part  the  titanium  was  determined  b;  the 
me^od  already  ootlined.  In  the  other  part  the  iron  was  deter- 
mined by  the  method  of  (rooch  and  Newton.*  Table  III  con- 
tains the  reenlts  of  two  experiments. 


TabmIU. 

TiO, 
taken 

Fe,0. 
taken 

TiOi          Fe.Oi 
foand        foDDd 

Error 

•no. 

Error 
Fb,0, 

From  the  work  of  Bellncci  and  Gra8si,f  Freeenins,^  and  the 
author,  it  would  seem  that  there  should  be  no  great  difficulty 
attending  the  separation  of  titanium  from  iron,  amminum,  and 
phosphoric  acid,  which  are  the  substances  with  which  titanium 
IB  commonly  associated  in  nature.  Experimeot«  are  now  in 
progress  by  the  writer  for  accomplishing  tliis  separation  with 
*d  of  the  "c     '         "  .        .  - 


the  aid  of  the  "  cupferron  "  reagent,  and  the  reenlts  will  appears 
in  a  later  issue  of  this  journal. 

9  SuMtrj,  1914. 

•  Thla  Journal,  xiiii,  805, 1007.  \  Loo.  olt.  %  Loo.  eit. 
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Abt.    XIV. — A   Contribution  to  the   Optical  Study  of  the 
Amphiholea ;  by  W.  E.  Ford. 

Thb  late  Prof.  S.  L.  Feufield  waa  engaged  at  the  time  of  bis 
death  upon  an  investigation  of  the  chemical  compoeition  of  the 
minerals  of  the  Ampbibole  Gronp.  A  eeries  of  eleven  analvsee 
for  this  work  had  been  made  ander  hiB  guidance,  by  Dr.  F.  C. 
Stanley,  of  ampbiboles  which  ranged  in  composition  from  trem- 
olite  to  hornblende.  The  specimens  selected  for  analysis  afforded 
unexcelled  material  for  chemical  investigation,  and  it  is  safe  to 
say  that  few  such  series  of  anthoritative  analyses  of  the  ampbi- 
bole minerals  can  be  fonnd  elsewhere.  The  article,  as  far  as 
the  diBGUBsion  of  the  composition  of  the  ampbiboles  was  con- 
cerned, was  practically  complete  at  the  time  of  Prof,  Fenfield's 
death  and  was  subsegnently  pablished  in  this  Journal.*  It 
had  been  tbe  intention  of  Frof.  Fenfield  to  supplement  the 
diecnssion  of  the  chemical  compoeition  of  these  ampbiboles  by 
a  etod;  of  tbeir  optical  properties.  Unfortunately  he  waa  not 
able  to  do  this,  bnt  it  has  seemed  of  considerable  importance 
that  this  work  should  be  done.  In  the  majority  of  caaea  the 
identical  specimens  from  which  material  for  the  analyses  was 
taken  were  preserved  in  the  Brush  Mineral  Collection,  In  the 
few  cases  where  it  was  impossible  to  positively  identify  the 
specimen  which  had  famished  the  material,  a  specimen  in  tbe 
Collectioa  and  undoubtedly  of  the  same  suite,  as  the  one  ana- 
lysed, was  nsed. 

In  stndying  the  literature  of  the  last  twenty-five  years  it  is 
snrpriaing  to  find  in  bow  few  cases  both  an  analysis  and  an 

?>tical  description  of  the  same  amphibole  have  been  recorded, 
here  are  plenty  of  instances  where  one  or  tbe  other  is  given, 
bnt  nnfortunately  the  two  are  seldom  fonud  combined  in  the 
same  description.  Therefore,  if  only  as  a  matter  of  record,  it 
seemed  advisable  to  complete  the  investigation  of  these  ampbi- 
boles by  a  determination  of  their  optical  characters.  This 
work  was  started  a  number  of  years  ago  in  the  laboratory  of 
Prof.  Bosenbusch  at  Heidelberg,  bnt  through  varioas  causes  it 
has  only  recently  been  possible  to  carry  it  to  completion. 

As  far  as  possible  the  following  optical  facta  were  deter- 
mined in  each  case  :  (1)  the  indices  of  refraction  and  the  aver- 
age index  of  refraction,  (3)  the  angle  of  extinction  on  &(010) 
measured  with  the  trace  of  the  prismatic  cleavage,  and  (3)  the 
pleocbroism.  The  value  of  the  optical  angle,  2  V,  was  deter- 
mined whenever  possible  by  calculation,  bnt  no  direct  meas- 
nrements  of  it  were  made.  The  indices  of  refraction  were 
measured  upon  a  total  refractometer,  at  least  two  differently 
•Vol.  xiiii,  p,  23,  1907. 
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orientated  plates  being  used  in  each  case.  In  a  few  inetances, 
where  the  character  of  the  material  made  the  ase  of  the  total 
refractometer  impoRsihle,  the  mean  index  was  determined 
under  the  microscope  bj  the  immersion  of  small  fragments  of 
the  mineral  iu  liquids  having  known  indices  of  refraction.  The 
extinction  angle  on  i(OlO)  was  determined  on  c&refnllj  orien- 
tated plates,  the  measnrementB  being  made  in  sodiam  light 
and  repeated  a  large  nnmber  of  times  in  order  to  give  a  cor- 
rect average.  In  the  majority  of  cases  these  plates  were  made 
from  welf-developed  crystals,  so  that  the  direction  of  the 
inclination  of  the  clino-axis  was  known.  In  all  these  casee  the 
extinction  direction  c  was  found  to  lie,  as  is  nsnal  with  ampbi- 
boles,  in  the  obtuse  angle  ^8.  In  the  case  of  the  pleochroic 
varieties  a  second  plate  was  prepared  parallel  to  a  (100)  in  order 
to  give  the  vibration  direction  b.  Below  are  summarized  the  ■ 
resnlts  obtained,  the  corresponding  analysis  being  given  in  the 
table  on  p.  181. 

1.  Tremolite  from  Riohville,  near  Gonverneur,  Xew  Tork. 

«=  1-6992,  j8=  18132,  y=  16a46.   Mean  index  =  1-612. 
■y  -  a  =  -026*. 
2V  =  83°  23'.     c  y\  <:  =  30°  1'. 

2.  Tremolite  from  Lee,  Massachusetts. 

a  =  1-602S,  ^  =  1-6192,  y  =  1-8347.    Mean  index  =  1-616. 
■J-  -  o  =  -0325. 
2V  =  86°  29'.     C  ^  c  =  16°  38'. 

3.  Aotinolite  from  Russell,  St.  Lawrence  Co.,  New  Tork. 

a  =  1-6162,  P  =  1-6304,  y  =  1-6412.    Mean  index  =  lea*, 
y  —  a  :=  -0260. 
2V  =  81°  30'.     C/sC  =  14°  47'. 

4.  Aotinolite  from  Oreiner  in  Tyrol. 

a  =  1-6173, /!  =  1-6330,  r=  r641S.    Mean  index  =  1-631. 
y  -  o  =  -0277. 
2V  =  81°  38'.    c  /\  c  =  14°  69'. 
6.  Actinolite  from  Pierrepont,  St.  Lawrence  Co.,  Kew  Tork. 
a=  1-6237, /3  =  1-8382,  7=  16603.    Mean  index  =  1-837. 
y  —  o  =  -0236. 
2V  =  84°  8'.    c  /v  c  impossible  to  meaaare  because  of  wavy 
character  of  extinction. 
Pleochroism,  a  =  almost  colorless,  h  =  faint  yellow-green, 

C  =  faint  bluish  green. 
Absorption,  c  >  b  >  a. 
6.  Actinolite  from  the  mines  of  Kragerj),  Korway. 

0=1-6280, /3=  1-6442,  y=  16547.  Mean  index  =  1-641. 
y  -  a  =  -0267. 
2V  =  76°  58'.     c.^  c  =  13°  36'. 
Pleochroism,  a  and  b  =  pale  brown,  c  =  light  green. 
Absorption,  t  >  b  =  0. 
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7.  Hornblende  from  Ed«Dville,  Orange  Co.,  New  York. 

a  =  1-6&83,  ;3  =  1-0701,  y  =  I-678ft.   Mean  index  =  1688. 
y—a.=  *020e. 
2'V  =  S1''42'.    c>  0  =  23"  48'. 
Pleochroiara,  o  and  h  =  light  brownish  green,  c  =  dark  green. 
Absorption,  z>  i  =  a. 

8.  Hornblende  from  Renfrew,  Ontario,  Canada. 

Mean  index  =  167,     c  a.  c  =  33°  20'. 

Pleochroism,  a  and  Ii  =  oliTe-green,  c  =  dark  blue-green. 

Absorption,  c  >  I)  >  a. 

9.  Hornblende  from  Mte.  Somma,  Italy. 

Mean  index  =  I'SB. 

Pleochroism,  q  and  6  =  olive-green,  c  =  dark  blue-green. 

Absorption,  c      b  =  a. 

10.  Hornblende  from  Cornwall,  Orange  Co.,  New  York. 
Mean  index  =  1-71,    C  ys  c=  9°, 

Pleochroism,  a  =  light  olive-greeo,  b  —  yellowish  green, 

c  =  bluish -green. 
Absorption,  c  >  b  >  a. 
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All  BDklyBes  bj  Staaley  except  Xo.  10,  which  is  by  J.  L.  Nelsoii. 

1.  Tiemolite  from  RicbTille.  6.  Aotinolitfl  from  KnigotB. 

2.  Tremolite  from  Lee.  7.  Hornblende  from  Edenville. 

3.  ActiDolite  from  BaMell.  8.  Homblenile  from  Benfrew. 

4.  Actiuolite  from  Qremer.  9.   Hornblende  from  Ute.  Somma. 

5.  Aotinolito  from  Pierrepoot.         10.  Horablande  from  Cornwall. 

From  the  above  facts  it  is  possible  to  make  the  following 
general  Btatetneats  concerning  the  optical  character  of  what 
may  be  catted  normal  and  typical  amphibotes.  The  mean 
index  of  refraction  ranges  from  about  1*61  to  about  1*71. 
Til©  mean  index  of  refraction  of  typical  tremolite  lies  between 
1-61    and  1-62  ;  that  of  typical  actinotite  ranges  from  1'<J3  to 
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1-64;  that  of  typical  homWende  between  1-66  and  1-71. 
The  birefringence  of  the  whole  Beries  is  about  the  same,  the 
extremes  obBcrved  being  0206  iu  the  hornblende  from  Edenrille 
and  '0325  in  the  tremolite  from  Lee,  the  averse  of  the  series 
being  -025tf.  The  axial  angles  as  far  as  ther  conla  be  calcnlated 
range  from  about  77"  to  86°  30'.  The  extinction  between  cand 
c  measured  on  b  (010)  ranges  from  16°  to  20°  in  tremolite,  from 
13°  30'  to  15°  in  actinoHte  and  from  9°  to  over  33°  in  the  typical 
hornblendes.  Strong  pleochroiem  was  found  only  in  the  horn- 
blendes, the actinolite  members  showing  it  but  faintly,  if  at  ell. 
The  absorption  was  always  c  >  6  >  a,  although  frequently  little 
difference  conid  be  distinguished  in  the  color  of  the  light 
vibrating  parallel  to  o  and  d.  The  plane  of  the  optical  axesin 
these  minerals  was  always  in  the  symmetry  plane  and  the 
bisectrix  c  lay  in  the  obtuse  angle  ^8.  The  optical  character, 
where  it  could  be  proven,  was  found  to  be  uniformly  negative. 
With  our  present  meager  knowledge  concerning  the  relations 
existing  between  chemical  composition  and  optical  characters, 
such  general  statements,  as  given  above,  are  perhaps  all  that 
shonld  be  attempted.  The  ainphiboles,  because  of  the  wide 
variation  in  their  composition  and  the  large  number  of  variable 
radicals  which  they  contain,  present  extraordinary  difficnlties 
to   any   exact   correlation    betweeu    the   chemical  and  optical 

Eroperties.  Such  a  correlation  it  is  quite  possible  can  never 
B  made.  Yet  it  is  thought,  that  within  somewhat  wide 
limits  and  with  the  recognition  of  numerous  exceptions, 
a  tentative  correlation  based  on  the  work  with  this  series  of 
amphiboles  can  be  given. 

It  was  found  on  studying  the  above  optical  determinations  in 
respect  to  the  corresponding  analyses  tnat  the  variation  in  the 
mean  index  of  refraction  came  nearer  to  showing  a  correlation 
with  the  variation  in  composition  than  any  of  the  other  optical 
characters.  Consequently  theanalyseshave  been  chiefly  studied 
in  the  endeavor  to  discover,  if  possible,  how  they  varied 
with  increase  in  the  value  of  the  mean  index  of  refraction. 
The  analyses,  as  given  on  page  181,  are  arranged  in  order  of 
the  rise  in  the  value  of  tlieir  mean  indices  of  refraction. 
With  the  purpose  of  making  these  relationships  clearer,  figs. 
1  to  9,  which  show  them  in  graphical  form,  are  given.  In 
these  figures  the  mean  indices  of  refraction  are  shown  as 
the  abscissas  while  the  percentages  of  the  different  radicals 
present  in  the  minerals  form  the  ordinates.  The  numbers 
given  to  the  different  points  located  on  the  fignres  correspond 
to  those  of  the  analyses  on  pi^  181.  In  each  figure  a 
straight  line  has  been  drawn  which  falls  as  closely  as  possible 
to  the  different  points.  Very  likely  a  curve  would  have  better 
e^cpressed  the  relations  between  the  indices  of  refraction  and 
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the  percentage  composition,  but,  with  the  data  available,  it 
seemed  beet  to  assume  tbat  this  line  was  etraieht.  It  will  be 
noted  that  the  iirst  six  analyses  form  a  series,  the  members  of 
which  lie  close  together.  Then  tliere  comes  quite  a  break, 
with  analyses  7, 8  and  d  falling  again  in  a  group  by  themselves. 
There  is  another  break  and  analysis  10  lies  at  the  end  by  itself. 
It  is  unfortunate  tbat  other  data  were  not  available  by  means 
of  which  these  gaps  could  have  been  closed. 


DcillizedoyGOOJ^IC 


184       W.  E.  Ford— Optical  Study  of  the  Amphtiotee. 

Fignre  1  Bhows  the  decrease  in  percent^^  of  SiO,  with  the 
riae  in  value  of  tlie  mean  index  of  refraction.  The  relations 
here  are  reasonable  well  expreseed  by  tbe  straight  line  given 
in  the  figure.  Of  the  first  nine  analyses,  the  one  which  departs 
farthest  from  this  theoretical  line  is  No.  4  and  this  is  only 
about  2'5  per  cent  ont  of  the  way.  In  figure  2  the  increase 
ill  tbe  percentages  of  A1,0,  are  shown  corresponding  to  tbe 
increase  in  value  of  the  mean  refractive  index.  Tbe  points 
determined  in  this  case  show  more  general  variation  from  the 
straight  line  than  in  tbe  case  of  the  silica,  yet  here  the  greatest 
variation  among  the  first  nine  analyses  is  only  a  little  over  3 
per  cent.  Figure  3,  which  shows  tbe  variation  in  the  percent- 
ages of  Fe,0^  is  much  the  same,  the  greatest  variation  being 
about  2'7  per  cent  in  the  case  of  analysis  7.  Figure  4  shows 
tbe  variation  in  the  sam  of  A1,0,  and  Fe,0,.  As  might 
be  expected,  the  position  of  tbe  points  in  this  tignre  in  ^neral 
approximate  much  closer  to  tbe  straight  line  than  in  the  two 
previous  figures,  analyses  4,  9  and  10  beinf;  the  only  ones  that 
depart  from  it  in  any  notable  dgree.  Figure  5  shows  the 
variation  in  amount  of  FeO  with  me  increase  in  value  of  the 
index  of  refraction.  Eight  of  tbe  analyses  give  points  that  lie 
reasonably  close  to  the  fine ;  analyses  8  and  9  however  depart 
considerably  from  it,  9  being  nearly  6  per  cent  out  of  the  way. 
Strikingly  different  is  the  agreement  shown  in  figure  6,  m 
which  the  amounts  of  total  iron  are  given.  Here  analysis 
number  9  is  the  only  one  that  shows  any  notable  discrepancy 
and  the  amount  of  variation  in  this  case  is  only  about  2 
per  cent.  Figure  7  shows  that  the  decrease  in  percentage  of 
MgO  follows  closely  the  rise  of  the  index  of  refraction,  the 
greatest  variation  from  the  line  being  2  per  cent  in  tbe  case  of 
analysis  number  9.  Figure  8  gives  the  percentages  of  CaO  in 
relation  to  tbe  indices.  There  is  a  slight  decrease  in  tbe 
amount  of  CaO  as  the  index  rises  but  the  extreme  variation  is 
not  much  over  8  per  cent.  Consequently  the  infiuence  of  the 
lime  upon  the  index  of  refraction  must  be  fairly  uniform 
throughout  the  series.  Figure  9  gives  the  percentages  of 
alkalies  present,  K,0  +  Na,0.  They  show  a  sbght  increase  in 
amount  with  the  rise  of  the  indices,  but  as  tbe  largest  amoant 
of  the  alkalic  oxides  is  under  5  per  cent  they  cannot  have 
much  infinence  upon  the  optical  characters. 

From  the  above  it  can  be  seen  that  with  this  series  of 
amphiboles  it  is  the  silica,  the  total  iron  and  the  magnesia  that 
follow  in  their  varying  percentages  most  closely  the  variation 
in  the  mean  index  of  refraction.  It  must  be  to  them  that  this 
variation  is  chiefly  due  and  in  all  probability  the  percentage  of 
total  iron  present  is  the  factor  possessing  the  greatest  influence. 
With  full  realization  of  the  incompleteness  upon  which  these 
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figures  are  based  and  that  there  wilt  be  man;  exceptioas  found, 
yet,  it  is  thought  that  by  their  use  the  composition  of  a  normal 
and  typical  amphibole  can  be  predicted  within  reaeonable 
limits  when  its  mean  index  of  refraction  is  known. 

It  will  be  of  interest  to  next  consider  two  other  amphiboles 
analyzed  by  Stanley,  tojfetlier  with  several  described  oy  other 
authors,  in  order  to  see  how  far  they  agree  with  those  given 
above.  As  already  stated,  the  literature  shows  surprisingly 
few  cases  of  recent  analyses  with  which  a  complete  description 
of  the  optical  properties  are  given.  Unfortunately  also  for  nee 
in  the  present  discussion,  such  amphiboles,  as  have  been 
described,  are  for  the  most  part  exceptional  in  their  nature 
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since  the  interest  in  them,  which  led  to  their  description,  was 
naturally  caused  by  their  unusual  character.  Therefore,  many 
of  these  analyses  cannot  be  taken  as  belonging  to  amphiboles 
that  could  be  considered  normal  and  typical  in  character. 
Nevertheless  it  will  be  of  value  to  consider  them  and  endeavor 
to  account  for  their  divergence  from  the  series  given  above. 

Analysis  11  is  of  a  tremolite  from  Switzerland.  Its  optical 
characters  are  given  by  Kreutz  as  follows:  a  =  1'6000,  (8  = 
1-6155,  7^1-6272.  Mean  index  =  1-6136.  7-*  ^-0272. 
2V  =  85°  30'  (calculated  by  present  writer).  This  analysis  will 
be  found  to  answer  closely  to  what  would  be  expected,  from  the 
above  study,  to  be  the  compositiun  of  an  amphibole  having  its 
mean  index  of  refraction. 

Analysis  12  is  of  the  unusual  hornblende  from  Qrenville  town- 
ship, Quebec,  Canada,  analyzed  bv  Stanley.  Its  optical  proper- 
ties are  as  follows :  a  =  1-6128,  ^  =  1-6180,  7  =  1-6328.  Mean 
index  =  1-623.  7-a  =  0-020.  2V^56''8'.  c  ,v  c  =- 29"  44'. 
For  a  hornblende  with  its  mean  index  of  refraction,  it  is  char- 
acterized by  a  very  low  percentage  of  silica,  bv  a  high  amount  of 
alumina,  by  low  percentages  of  the  oxides  of  iron  and  by  high 
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percentages  of  the  alkaliee.  It  ie  especially  diBtingaished  by 
the  nousual  amonot  of  flaorine  that  it  contaiDs  (2*76  per  cent). 
Another  factor  to  be  considered  is  the  1*2  per  cent  of  TiO, 
which  is  present.  The  effect  of  an  increase  in  the  percentages 
of  flnorine  and  the  alkalies  is  generally  thought  to  lower  the 
indices  of  refraction  and  that  of  an  increase  of  TiO,  to  be 
opposite  in  character.  With  all  these  constitnente  present  in 
unuenal  amounts  it  ie  difficult  to  come  to  any  reasonable  con- 
clnsioD  concerning  the  correlation  of  the  chemical  and  optical 
properties  of  this  amphibole.  The  axial  angle,  diverging  as  it 
does  so  markedly  from  the  nsnal  value,  shows  clearly  that  this 
GreDvUle  mineral  is  abnormal  in  character. 

Analysis  13  is  of  the  hornblende  known  as  pargaeite  from 
Pargas,  Finland.  Its  optical  characters  as  given  hv  Kreutz 
are  as  follows:  a  =  1-6158,  ^  =  16205,  7  =  1-6.353.  Mean 
index  =1-6255.  y-«  = -OiyS.  2V  =  59°30'.  c^<!=27'' 18'. 
As  Krentz  has  pointed  out,  this  mineral  is  closely  analogous  to 
the  hornblende  from  Grenville  described  above.  Like  it,  it  is 
characterized  by  a  low  amount  of  silica,  high  percentages  of 
alumina  and  alkalies  and  by  tbe  presence  of  a  notable  amount 
of  fluorine  (1*82  per  cent).  The  extinction  angle  and  the 
axial  angle  are  also  closely  similar.  Like  the  Grenville  mineral 
it  cannot  be  considered  as  normal  in  character. 

Analysis  No.  14  is  of  a  hornblende  from  Chester,  Massachu- 
setts, described  hy  Duparc  and  Pearce.  Its  optical  properties 
are  given  as  follows;  a  =  1-6598, /3  =  1-6729,  7  =  1-6798. 
Mean  index  =  1-6698.  7-*  = -0200.  2V  =  75°  44' (calculated 
by  present  writer).  e/\C  =  14°  40'.  This  analysis  agrees  rea- 
Bouably  well  with  what  might  he  predicted  for  an  amphibole 
having  its  mean  index  of  refraction.  The  amounts  of  silica 
and  magnesia  agree  closely  with  the  corresponding  percentages 
to  be  derived  from  figures  1  and  7.  The  amount  of  sesqui- 
oxides  and  the  total  iron  are  somewhat  higher  than  would  be 
expected. 

Analysis  No.  15  is  of  a  variety  of  amphibole  called  soretite, 
coming  from  Koswinsky  in  the  northern  Urals  and  described 
bv  Dnparc  and  Pearce.  Its  optical  character  is  as  follows : 
a  =  1-6627,  S  =  1-6765,  7=1-6856.  Mean  index  =  l-fl741. 
7-a  =  -0228.  2V  =  82°  30' (observed).  c^e  =  \T'.  Pleochro- 
ism,  a  ^  pale  greenish  yellow ;  b  ^=  green,  c  =  deep  green.  The 
analysiB  agrees  quite  closely  with  the  tlieoretical  one  to  be 
derived  from  consideration  of  the  figures  1  to  9.  The  amounts 
of  silica,  alumina  and  magnesia  are  within  less  than  two  per 
cent  of  what  would  be  expected.  The  percentage  of  ferric 
oxide  is  high  and  that  of  ferrous  oxide  correspondingly  low, 
but  the  amount  of  total  iron  present  is  almost  exactly  that 
which  wonld  have  been  predicted  from  the  study  of  figure  6. 
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Analysis  16  is  of  the  baaaltit  bornblende  from  Biliu,  ana- 
lyzed by  Stanley,  the  optical  properties  of  which  follow: 
Mean  index  =:  1*692.  t^e  =  1"  12'  io  the  acote  angle  /3. 
Pleochroism,  a  =  light  yellow-green,  It  =  orange,  c  =  dark 
reddieh  brown.  Absorption,  c>t>>a.  The  percentage  of 
silica  present  is  about  wnat  would  be  expected  from  a  horn- 
blende with  a  mean  index  of  refraction  of  1-69.  The  sesqni- 
oxidee  are  low,  the  amount  of  iron  protoxide  is  very  deficient 
and  the  magnesia  is  about  double  what  would  be  expected. 
This  hornblende  contains  1-68  per  cent  of  TiO„  which  undoabt- 
edly  has  a  marked  influence  upon  its  optical  properties,  although 
it  would  hardly  seem  sufficient  to  account  for  all  its  pecnliari- 
ties.  It  is  characterized  optically  by  its  unusual  extinction 
angle  and  by  the  deep  reddish  brown  color  of  the  light  vibrate 
ing  parallel  to  c.  This  hornblende  shows  little  correspondence 
with  the  series  given  above. 

Analysis  17  is  of  the  variety  of  ampbibole  known  as  kaer- 
BUtite,  from  Kaersnt,  Greenland,  as  it  is  given  by  Washington. 
Its  optical  properties  follow :  a  =  1*676,  ^  =  1694,  y  =  1*708. 
Mean  index  ==  1-692.  y-a=  -032.  2V  =  82°  6'.  This  is  an 
unusual  amphibole  in  that  it  contains  over  10  per  cent  of  TiO^ 
As  might  be  expected,  the  amount  of  iron  present  is  small  for 
an  amphibole  having  this  index  of  refraction.  It  obviously 
cannot  be  classed  as  a  normal  amphibole. 

Analysis  18  is  of  the  similar  mineral  from  Linosa,  also  given 
by  Washington.  Its  optical  properties  are  given  as  follows : 
a  =  1-692,  /9=  1-730,  7=1-760.  Mean  index  =  1-726.  y-a 
=  -068.  2V  =  79°  54'.  This,  like  the  Kaersut  mineral,  has  a 
laree  percentage  of  TiO,  (8-47  per  cent).  It  differs  in  having 
higher  percentages  of  tlie  iron  oxides  and  lower  percentages  of 
the  alkalies.  Optically  it  is  distinguished  by  having  theTiigh- 
est  mean  index  of  refraction  and  strongest  birefringence  of  auy 
of  the  amphiboles  described  in  this  paper. 

From  the  foregoing  study  the  following  tentative  conclu- 
sions may  be  drawn.  Given  a  normal  and  typical  member  of 
the  Amphibole  Group,  its  composition  can  be  predicted  within 
reasonable  limits  from  knowing  its  mean  index  of  refraction. 
Of  the  varions  constituent  oxides,  the  silica,  lime  and  magnesia 
follow  most  closely  in  their  variations  the  change  in  the  mdex 
of  refraction.  The  alumina  varies  more  widely  but  does  not 
seem  to  have  a  great  effect  upon  the  index  of  refraction.  The 
iron  oxides  in  a  less  degree  also  frequently  show  a  variation 
from  what  might  be  expected,  hut  on  the  other  hand  the  total 
iron  present  shows  a  close  approximation  to  the  theory.  The 
introduction  of  notable  amounts  of  titanium,  alkalies  and 
flnorine  produces  marked  changes  in  the  optical  character. 
The  presence  of  titanium  serves  apparently  to  raise  the  index 
of  refraction  while  the  alkalies  and  ftuorine  tend  to  lower  it. 
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11.  Tremolite  from  SnitsarUod.     ErentE,  Hln.  Mitt.,  xx*li.  351,  1908. 

13.  Hornblende  from  Orenville,  PeuBeld  and  Stanley,  loo.  cit. 

18.  PargB8it«  from  Pargas,  Finland.     Kreotz,  Uin.  Uitt.,  xxtH,  249, 1908. 

14.  Hornblende  from  Chester,  Uaaa.,  Duporc  and  Pearoa,  Bull.  Soc.  Hin., 
■zzi,  no.  1908. 

15.  Soretite  fi«m  Koevinak;  in  northern  UraU.  Dnparo  and  Paaroe,  Boll. 
Bob.  Hin.,  zzvi,  131,  1908. 

16.  Hornblende  from  Bilin,  Pen&eld  and  Stanley,  loe.  elt. 

17.  Kaersntite  from  Eaersnt,  Greenland.  Wanhington,  this  Jonmal,  zsti, 
1*8.  1908. 

IB.  Eoereritite  from  Linosa,  Waabington,  ibid.,  p.  192. 

It  was  felt  that  with  the  data  at  hand  it  wonld  be  of  value 
to  dbcover,  if  possible,  any  regularity  in  the  chemical  changes 
that  accompany  the  variation  in  the  angle  of  extinction,  c^a, 
noeasnred  on  b  (010).  Some  sixteen  analyses  of  normal  amphi- 
boles  were  used  for  this  purpose.  These  analyses  were 
arranged  in  a  series  with  decreasing  angles  of  extinction.  It 
was  at  once  seen  that  t)iej  could  be  divided  into  two  distinct 
groups,  each  of  which  covered  much  the  same  range  of  varia- 
tion m  the  extinction  angles  bat  were  quite  distinct  from  each 
other  chemically.  The  first  series  showed  extinction  angles 
ranging  from  20°  to  8°  with  percentages  of  silica  varying  from 
about  58  per  cent  to  51  per  cent.  The  second  series  showed  a 
variatioti  in  extinction  angles  from  about  33°  to  9°  with  silica 
percent^es  from  about  44  per  cent  to  36  per  cent.  That  is, 
we  may  nave  two  amphiboles  of  distinctly  difEerent  composi- 
tioD,  one  belonging  to  the  tremolite-actinolite  group  and  the 
other  to  the  hornblende  group,  which  have  nevertheleBS  the 
same  angles  of  extinction  ;  compare,  for  instance,  analyses  IV 
and  XIV,  p.  190.  These  two  series  of  analyses  were  separated 
from  each  other  and  each  studied  by  itself. 

The  analyses  of  the  tremolite-actinolite  series  are  given  on 
p.    190,  arranged  with   decreasing   angles  of  extinction.     In 

Am.  J0UH.SCI.— FotmTBSBRiBB,  Vol.  XXXVII,  No.  218.— Pibruabt,  1914, 
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general  these  analjBeB  ehow,  together  with  the  decrease  in  the 
anzle  of  extinction,  a  decrease  m  the  percentages  of  SiO„  MgO 
and  CaO  and  an  increase  in  the  percentages  of  A1,0„  Fe,0„ 
FeO  and  the  alkalies.  This  variation  in  composition  is  by 
no  means  regular  and  the  relations  existing  between  tlie  com- 
position and  the  angle  of  extinction  are  not  at  all  clear.  The 
only  relationship  that  seems  at  all  close  in  character  is  that 
between  the  angle  of  eztinctioD  and  the  total  amoant  of  iron 
present,  there  being  an  increase  in  the  percentage  of  total  iron 


that  follows  closelj  the  decrease  in  the  extinction  angle.  The 
correlation  between  these  two  is  shown  graphically  in  figure 
10.  That  the  alkalies  have  little  effect  upon  the  angle  of 
extinction  is  seen  by  comparison  of  analyses  I  and  V  and  III 
and  YIII.  It  will  be  noted  further  that  the  decrease  in  the 
value  of  the  extinction  angle  is  accompanied  by  a  fairly  uni- 
form increase  in  the  value  of  tlie  mean  index  of  refraction  ;  see 
figure  11. 

The  hornblende  analyses  are  given  on  p.  190,  also  arranged 
in  the  order  of  decreasing  extinction  angles.  These  analyses 
have  been  studied  in  various  ways  but  without  finding  any 
reasonable  correlation  between  their  percentage  composition 
and  the  angle  of  extinction.     The  variations  in  the  percentages 
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of  the  different  oxides  are  qnite  irregular.  The  amount  of 
total  iron  preeent  increases  in  general  with  the  decrease  in  the 
angle  of  extinction,  yet  this  increase  is  irregular  (note  the  low 
percentage  of  total  iron  shown  in  analysis  XIY)  and  does  not 
even  begin  to  show  the  same  degree  of  uniformity  as  in  the 
case  of  the  tremolite-actinolite  series. 

The  fact  that  we  can  have  two  members  of  the  Amphibole 
Group  differing  decidedly  in  their  percentage  composition  but 
still  efaowing  the  same  angles  of  extinction  proves  at  once  that 
the  value  of  the  extinction  angle  does  not  depend  directly  at 
least  upon  the  percentage  composition.  It  seems  probable 
that  it  must  depend  ultimately  in  a  large  measure  upon  the 
kind  and  amount  of  elements  present  in  the  mineral,  bat  it  is 
likely  that  it  is  also  intluenced  largely  by  the  character  of  the 
physical  molecule  into  which  they  are  grouped.  The  relation- 
ships here  are  certainly  complex  and  the  available  data  are  far 
too  few  to  allow  ns  to  hope  that  the  problem  can  be  solved  as 
yet. 

Varions  writers  have  previously  attempted  to  find  a  correla- 
tion between  the  chemical  and  optical  properties  of  the  amphi- 
boleS;  Mnrgoci  in  a  study*  which  was  concerned  chiefly  with 
the  characters  and  classification  of  the  glaucophane-like  amphi- 
boles  makes,  however,  some  general  statements.  On  p.  362  he 
says :  "  The  chemical  constituent  with  the  most  influence  on  the 
physical  properties  seems  to  be  Fe,0,  (viz.  Fe,Si,0,)  and  that 
not  only  in  the  glancophane  series,  but  in  general  in  the 
amphibole  family  .  .  .  Further,  the  size  of  the  angle  of  the 
optic  axes,  the  position  of  the  axial  plane  and  even  the  angle 
of  extinction,  up  to  a  certain  point,  are  in  relation  with  the 
amount  of  Fe.O,,"  This  may  be  trne  in  respect  to  the  alkali- 
rich  amphibole-like  glancophane,  but  the  facts  as  given  above 
hardly  bear  this  statement  out  in  respect  to  the  ordinary  amphi- 
boles.  The  amount  of  FeO  shows  a  closer  relation  to  the  opti- 
cal properties  than  the  Fe,0,  and  the  amount  of  total  iron 
present  conforms  more  closely  yet.  Further,  the  same  author 
states  on  p.  373  that  "  A  comparison  of  the  whole  group  of 
AlFe'"  amphiholes  has  convinced  me  that  in  general  the  size 
of  the  angle  of  extinction  is  related  neither  to  the  amount  of 
A1,0,  nor  to  the  amount  of  Fe,0„  but  to  the  proportion  of 
their  molecular  coetBcients  of  'combination  in  the  amphibole 
constitution."  A  stndy  of  the  analyses  given  above  has  failed 
to  confirm  this  theory.  In  fact  it  only  needs  a  hasty  inspec- 
tion of  the  relative  percentages  of  A1,0,  and  Fe,0,  in  the 
analyses  quoted  on  p.  190  to  show  that  the  assumption  does 
not  hold  true  with  them. 
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The  fact  that  the  iron  content  of  an  amphibole  has  a  large 
inflnence  upon  the  optical  characters  was  stated  as  long  ago  as 
1871  hy  Tscherinak*  and  has  recently  been  emphasiz^  by 
Krentz.t  Tlie  results  of  the  present  study,  as  already  given, 
hear  out  his  statement. 

WiikJ  endeavored  to  show  that  the  size  of  the  extinction 
angle,  C/\C,  increased  as  the  percentages  of  Al,0,  increased. 
This  theory  has  already  been  snown  by  others  to  be  untenable 
and  the  results  of  the  present  study  point  to  the  same  conclu- 


SCIENTIFIC     INTELLIGENCE. 


I.     Chemistry  and  Physics. 

1.  75l«  Action  of  Aluminium  Carbide  upon  Solution*  of 
JUetallio  SaU».—Hu.PEKi  and  Dithab  have  found  that  aluminium 
carbide,  which  has  the  formula  A1,C  and  which  reacts  with 
water  and  with  acids  giving  methane,  CH„  is  capable  of  metbylat- 
ing  certain  metals  when  it  acts  npon  solutions  of  their  salts.  For 
ioittance,  when  aluminium  carbide  is  placed  in  a  hydrochloric 
acid  solution  of  mercuric  chloride,  mercnric  methyl  chloride, 
HgOHjCI,  is  formed,  and  when  the  solution  is  neutral  or  slightly 
acid,  mercury  dimethyl,  Hg(CH  )„  is  produced.  In  the  same 
manner  bismuth  trimethyi,  Bi(CH,)„  which  is  otherwise  difficult 
to  obtain,  can  be  synthesized.  Tin  salts  also  are  methylated  by 
aluminium  carbide,  and  in  this  case  the  tin-methyl  compounds, 
on  account  of  their  intense  and  characteristic  odor,  may  oe  used 
as  a.  qualitative  reaction  for  tin,  for  even  as  small  a  quantity  as 
0-1  mg.  of  stannous  or  stannic  chloride  in  2  com.  of  dilute  hydro- 
chloric acid,  upon  boiling  with  a  small  quantity  of  aluminium 
carbide,  gives  a  strong  odor.  Preliminary  experiments  have 
shown  that  not  only  arsenic  and  antimony  can  thus  be  methy- 
lated, but  also  other  metals  with  which  such  compounds  have  not 
been  previously  obtained.  For  example,  there  is  formed  in  the 
reaction  between  copper  sulphate  and  aluminium  carbide  a  com- 
pound with  a  disagreeable  odor  resembling  mercury  metbyl.  The 
exact  mechanism  of  these  interesting  reactions  is  uncertain,  and  it 
is  remarkable  that  the  authors  have  not  been  able  to  methylate 
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anv  pure  organic  halide  by  meanB  of  this  reaction.  For  instance, 
chloracetic  acid  could  not  be  changed  to  propionic  acid,  nor 
benzyl  chloride  into  phenylethane.  U  does  not  appear,  however, 
that  electrolytic  diaeociation  is  a  requirement  for  the  reaction,  for 
mercuric  cyanide  reacts  like  the  chloride.— ^ericA/e,  xlvi,  37S8. 

H.  t.  w. 

2.  Solubilities  at  the  Critical  Temperature*  of  Solventt. — 
Fbitz  FRiEDnicH8  has  made  experiments  with  a  large  nnmber  of 
BubAtancea,  mostly  inorganic  salts,  by  placing  them  in  sealed 
glass  tubes  with  liquid  anhydrous  ammonia  and  also  with  liquid 
sulphur  dioxide,  and  then  heating  the  tubes  to  the  critical  tem- 
peratures of  the  liquids.  Although  the  continuity  of  the  liquid 
and  gaseous  condition  of  solutions  has  been  observed  previously, 
Friedrichs  has  made  an  interexting  contribution  to  our  Knowledge 
of  the  solubility  of  salts  in  the  two  liquids  used  for  his  experi- 
ments. For  example,  the  fact  that  potassium  iodide  dissolves 
readily  in  liquid  ammonia  and  passes  into  the  gaseous  state  with 
the  ammonia  at  the  critical  temperature  of  the  latter  is  striking, 
as  is  also  the  similar  behavior  of  dilute  solutions  of  silver  iodide 
in  the  same  solvent.  It  would  be  interesting  to  find  to  what 
extent  such  gaseous  solutions  of  solids  could  be  expanded,  and 
still  hold  nun-volatile  solids  in  solution.  h.  l.  w. 

3.  Organic  Ckemiitry  for  Advanced  Studertt»  ;  by  JuLirs  B. 
CoHBN.  Vol.  II,  8vo,  pp.  427.  New  York,  1813  (liongmaus, 
Green  ifc  Co.  Price,  t4.50  net). — The  first  volume  of  this  very 
useful  text-book  was  published  in  1907,  The  present  volume  filw 
up  gaps  left  in  the  first  one  according  to  the  author's  present  plan 
of  presenting  the  subject  in  his  lectures.  The  course  as  modified 
gives  more  attention  to  the  physical  side  of  organic  chemistry 
than  was  the  case  with  the  firat  volume.  The  chapters  of  the 
book  deal  with  the  valency  of  carbon,  the  nature  of  organic  reac- 
tions, dynamics  of  organic  reaction)),  physical  properties  and 
structure,  and  color  and  structure.  The  book  makes  an  excellent 
addition  to  the  first  volume,  h.  l.  w. 

4.  Industrial  C/temiatrt/ for  Engineer inff  Students  ;  bv  Hbnrt 
K.  Bensoh.  12mo,  pp.  431.  New  York,  1913  (The  Macmillan 
Company.  Price,  tl.90). — The  purpose  of  this  text-book  is  to 
describe  from  the  standpoint  of  chemistry  the  more  common 
materials  used  in  the  various  branches  of  engineering.  The 
topics  of  greatest  interest  in  engineering,  such  as  fuels  and  com- 
bustion, clay  products  and  cement,  are  treated  more  fully  than 
others.  There  are  short  chapters  on  the  manufactnre  of  pig  iron, 
the  commercial  forms  of  iron  and  Bteel  and  industrial  alloys, 
but  no  other  metallurgical  subjects  are  treated.  The  references 
to  the  literature  of  the  subjects  that  are  included  are  very  exten- 
sive and  valuable,  and  the  book  appears  to  give  a  very  good  pre- 
sentation of  the  subjects  for  the  purpose  in  view.  Aa  the  book 
does  not  touch  upon  many  important  chemical  industries  it  is 
hardly  suitable  for  students  of  chemistry  and  chemical  engineer- 
ing.     The  book  appears  to  be  lacking  in  the  critical  discussion  of 
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mftDy  of  the  materialB  described.  For  instance,  Uule  is  laid 
abont  the  relative  ineriu  or  the  prioes  of  the  various  pigments, 
oils,  resins  and  solvents  used  in  the  manufacture  of  paints  and 
varnishes,  althoQgh  many  of  them  are  described.  h.  l.  vr. 

5.  Outlines  of  Theorelical  Chemistry;  by  Frbdebick  H. 
Getman.  8vo,  pp.  467.  New  York,  1913  (John  Wiley  ifc  Sons). 
— This  text-book  is  designed  for  classes  beginning  the  stady  of 
theoretical  or  physical  chemistry.  A  working  knowledge  of 
elementary  chemistry  and  physics  is  presupposed  in  the  presenta- 
tion of  the  subject,  although  an  introductory  chapter  of  19  pages 
IB  devoted  to  a  brief  review  of  the  principles  with  which  the  stu- 
dent is  assumed  to  be  fairly  familiar.  These  elementary  principles 
include  the  laws  of  definite,  multiple,  and  combining  proportions, 
the  atomic  theoir,  Avogadro's  hypothesis,  atomic  heats,  isomorph- 
ism, valence,  and  atomic  weights,  while  the  main  part  of  the  book 
is  advanced  and  physical  in  its  character.  The  presentation  is 
mathematical  in  its  aspect,  but  the  use  of  calculus  has  been 
restricted  as  far  as  possible.  A  good  feature  is  the  introd'iction 
of  many  numerical  problems  for  solution  by  the  student.  There 
is  a  chapter  on  the  electron  theory,  but  the  author,  unfortunately 
it  appears,  has  decided  against  the  incorporation  of  any  account 
of  radiochemistry.  b.  l.  w. 

6,  Oxygenin  the  Sun. — In  the  year  1896  Rnnge  and  Pascben 
showed  that  the  first  triplet  of  the  principal  series  of  the  oxygen 
spectrum  agreed  in  wave-length  and  relative  intensity  with  three 
Frauiihofer  lines  in  the  solar  speotrum.  Since  there  are  good 
reasons  why  the  remaining  oxygen  lines  would  not  be  susceptible 
of  detection  in  the  solar  spectrum,  the  coincidence  and  character 
of  the  members  of  the  triplet  have  been  accepted  as  sufficient 
proof  that  oxygen  is  present  in  the  solar  atmosphere.  On  the 
other  hand,  in  1912  Geiger  obtained  three  lines  in  the  arc  spec- 
trum of  iron  which  agreed  exactly  with  the  triplet  and  which  he 
ascribed  to  iron.  If  the  lines  observed  by  Geiger  really  owe 
their  origin  to  iron  then  the  ai^ument  of  Runge  and  Paschen  is 
not  tenable  because  experience  shows  that,  when  sufficiently  high 
dispersion  and  spectroscopic  resolving  power  are  used,  the  sepa- 
rate lines  of  different  elements  do  not  coincide  exactly,  much  less 
in  groups. 

In  order  to  settle  the  question  as  to  the  origin  of  this  tripUt 
the  experimental  side  of  the  problem  has  been  taken  up  again  by 
RiTMOE  and  P^uchbn.  These  investigators  employed  a  Rowland 
concave  grating  of  3  meters  radius  of  curvature  in  conjunction 
with  a  concave  reflector  which  sent  plane  waves  upon  the  grating. 
By  working  near  the  principal  normal  to  the  grating  a  non- 
astigmatic  image  of  the  slit  was  formed  on  the  photographic 
plate.  Furthermore,  by  using  a  photographic  objective  a  non- 
utigmatio  image  of  the  source  of  light  was  thrown  on  the  slit  of 
the  spectrograph.  The  first  source  used  was  a  vertical  arc 
between  iron  electrodes,  the  lower  rod  being  the  anode.  The 
condensing  lens  was  moved  by  hand  in  such  a  manner  as  to  keep 
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the  imftge  of  the  intvosely  white  spot  od  the  oxide  globule,  from 
which  toe  aro  starts,  focused  exactly  on  the  slit.  The  spectro- 
gram ihowa  that  the  members  of  the  triplet  in  question  extend 
only  a  relatively  short  distance  from  the  globule,  whereas  the 
remaining  iron  lines  recorded  by  Geiger  extesd  across  the  entire 
field  of  view  and  are  moat  intense  in  the  region  corresponding  to 
the  arc  proper.  No  difference  in  the  appearance  of  the  triplet 
was  obeerred  when  the  voltage  was  changed  from  320  to  CO. 
These  lines  also  were  present  near  the  anode  when  the  arc  was 
burned  in  air  at  a  pressure  of  l*™  of  mercui^.  On  the  other 
hand,  when  a  small  piece  of  iron  wire  was  laid  on  the  poaitive 
electrode  of  a  carbon  arc,  in  air  at  atmospheric  pressure,  (he 
triplet  could  not  be  found,  notwithstanding  the  fact  that  all  the 
other  lines  recorded  by  Geiger  were  photographed.  When  the 
processes  of  oxidation  and  reduction  which  occur  in  the  are 
between  iron  electrodes  are  takvn  into  account  together  with  the 
conditions  which  hinder  oxidation  in  the  carbon  arc,  little  doubt 
can  remain  a«  to  the  oxygen  origin  of  the  triplet.  The  wave- 
lengths of  the  lines  are  given  as  J7T2-01,  777421  and  7775-60  A.  U. 

The  proof  seems  to  m  made  final  and  conclusive  by  the  follow- 
ing argument  of  the  authors.  The  "  frequencies "  of  the  hnea 
are  12866-68,  1286304,  and  1386091  so  that  the  first  differences 
become  3'64  and  2'13.  The  mean  frequency  differences  of  the 
remaining  triplets  of  the  oxygen  spectrnm  are  370  and  2-08. 
Corrections  to  the  frequencies  of  the  lines  of  the  first  triplet 
would  only  have  to  be  +0-03,  —0-04,  and  +0-01  respectively  in 
order  to  give  the  mean  values  just  quoted.  The  corresponding 
corrections  to  the  wave-lengths  would  be  — 0'012,  -i-0-024,  and 
— 0'006  A.  U.,  all  of  which  lie  within  the  limits  of  experimental 
error.  Therefore,  it  is  clear  that  the  triplet  belongs  to  oxygen 
and  that  the  evidence  for  the  presence  of  this  element  in  the 
solar  atmosphere  has  been  strengthened  as  a  consequence  of  the 
apparent  mistake  of  Geiger. — Phyiik.  ZeiUchr,  No.  3S,  p.  1267, 
Dec.  1913.  H.  8.  v. 

7.  Fltioretcence  of  the  Vaport  of  Sulphur,  Selenium  and 
TeUnrium. — Although  the  number  of  finorescent  compounds  is 
comparatively  great,  nevertheless  the  number  of  chemical  ele- 
ments which  have  been  shown  to  possess  this  property,  in  the 
vapor  state,  is  relatively  small.  In  fact,  prior  to  the  latest  work 
of  W.  Stkubins,  the  following  list  was  probably  complete, 
namely :  Sodium,  potassium,  rubidium,  mercury,  thallium,  oxygen, 
bromine  and  iodine.  In  the  case  of  oxygen  it  was  found  by 
Steubing  that  the  fluorescent  light,  as  well  as  the  exciting  radia- 
tion, had  wave-lengths  less  than  2000  A.  U.,  that  is,  they  fell 
within  the  Scbumann  region  so-called.  By  analogy  with  the 
behavior  of  the  vapors  of  the  elements  of  the  first  group  of  the 
Mendelejeff  table  one  would  expect  the  heavier  elements  of  the 
sixth,  or  oxygen  group,  to  exhibit  fluorescence  having  wave- 
lengths greater  than  2000  A.  C,  and  hence  to  be  susceptible  of 
investigation  with   ordinary  spectroscopic   apparatus.     Further- 
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more,  the  m&ximaiii  of  flnoreioence  should  shift  toward  the  red 
as  the  Atomic  weight  increases. 

These  expectations  have  been  realized  by  the  recent  work  of 
Steubing.  The  details  of  the  apparatus  used  will  not  be  dis- 
cussed ID  this  place  ;  suffice  it  to  say  that  the  elemsnts  were 
vaportEed  in  specially  designed  quartz  veaseis  which  were  heated 
by  meanB  of  either  a  Hunsen  flame  or  a  helix  of  wire  carrying  an 
eleolric  current.  For  sulphur  the  exciting  light  was  derived  from 
an  iron  arc  of  about  5  amperes  and  220  volts,  while  for  selenium 
and  tellurium  an  ordinary  carbon  arc  sufficed.  For  selenium,  and 
enpecially  for  sulphur,  it  was  necessary  to  have  the  element  in  as 
pnre  a  condition  as  possible,  and  hence  great  care  had  to  be  taken 
to  exclade  foreign  gases  from  the  quartz  cylinders.  On  the  other 
hand,  the  fluorescence  of  tellurium  vapor  was  not  very  sensitive 
to  the  presence  of  impurities.  The  most  important  remaining 
facts  discovered  by  Steubing  may  be  summarized  in  the  following 
words  :  (1)  The  four  elements  of  the  sixth  column  of  the  periodic 
system  exhibit  fluorescence  in  the  vapor  state.  (S)  As  the  atomic 
weight  increases  the  fluorescence  speetrnm  as  a  whole  is  displaced 
from  the  shorter  towards  the  longer  region  of  wave-Ienglhs.  (3) 
The  region  of  excitation  lies,  («)  for  oxygen,  below  2000  A.  IJ., 
(6)  for  sulphur,  between  2500  and  3200  A.  U.,  (c)  for  selenium, 
above  3000  A.  IT.,  and  extends  into  the  visible  spectrum,  (d)  for 
tellurium,  in  the  more  refrangible  part  of  the  visible  region.  (4) 
Id  order  to  obtain  fluorescence  it  is  necessary  for  the  vapor  to  have 
a  definite  density  and  a  definite  temperature.  This  is  especially 
true  in  the  case  of  sulphur,  for  which  the  vapor  must  be  super- 
heated between  400°  C.  to  500°  C  (5)  The  fluorescence  spectra 
are  discontinuous  and  consist  of  more  or  leas  "washed-out" 
groups  of  lines  which  appear  to  be  bauds. — Phytik.  Zeitachr., 
No.  18,  p.  887,  S«>t.,  1913.  H.  8.  u. 

B.  The  Seriea  Xiina  of  Neon. — In  the  y«ar  1911  Watson  pub- 
lished an  account  of  his  nnsuccesaful  attempt  to  discover  line 
series  in  the  spectrum  of  neon.  He  onlv  found,  among  the 
relatively  strong  lines,  several  groups  wnich  repeated  them- 
selves with  constant  frequency  difference.  Recently  K.  Rossi 
has  subjected  Watson's  wave-lengths  to  careful  scrutiny  and  dis- 
covered three  series  among  the  faint  lines.  Two  of  the  series  lie 
entirely  in  the  visible  spectrum  and  are  composed  of  doublets 
with  constant  frequency  difference  (16T'S)  between  the  members 
of  the  pairs.  Since  these  two  series  also  converge  towards  the 
same  limit,  41 1 9-8  A.U.,  they  resemble  subordinate  series.  Never- 
theless all  efforts  to  find  the  aasociatrd  principal  series  have  failed. 
Fnrthermore,  the  neon  series  do  not  correspond  to  any  of  the 
subordinate  series  of  helium,  for,  although  the  neon  series  are 
nearer  to  the  red  end  of  the  spectrum  than  the  helium  iieries,  as 
would  be  expected,  the  approximate  relation  between  the  sepa- 
ration of  the  donblets  and  the  square  of  the  atomic  weight  is  not 
fulfilled.  Rossi  uses  Rydberg's  formula  because  the  number  of 
lines  found  for  each  series  is  small,  namely,  seven  doublets  in  the 
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one  Mries  and  four  in  the  other.  The  third  Beriea  oalcnlated  by 
RoMi  conBlsU  of  siniBile  lines  kII  of  which  fall  within  the  ultra* 
violet  region.  Finally,  by  using  a  quarts  "pnd-on"  spectrum- 
tube  with  neon  at  a  pressure  of  about  4  mms.,  five  new  lines  were 
disoovered  having  respectively  the  following  wave-lengths  and 
intensities:  2353-0  {0},  2896-5  (2),  2464-0  (I),  2639-8  (I),  and 
2660-0  (0).— i%»t  Mag.,yo].  xxvi,  Dec,  1913,  p.  981.      h.  a.  o. 

9.  The  Mau  of  Rapidly  Moving  Electron*. — It  is  a  matter  of 
great  theoretical  importance  to  obtain  experimental  data  which 
will  enable  a  final  decision  to  be  reached  concerning  the  relative 
merits  of  the  theories  of  Abraham  and  LorentE-Einateiu.  As  is 
well-known,  the  eicperimentttl  data  of  Buoherer  and  Wolz  favored 
the  longitudinal  contraction  of  swift  electrons  as  assumed  in  the 
theory  of  Lorents,  but  Bestelmeyer  has  raised  objections  which 
cannot  be  disregarded.  One  of  Bestelmeyer's  adverse  criticisms  of 
the  work  of  Bucherer  and  Wolz  is  that  the  number  of  eiperimen- 
tal  data  obtained  by  these  investigators  is  too  small  to  justify  the 
conolurion  that  Abraham's  theory  of  a  rigid,  spherical  electron 
is  untenable.  This  objection  has  been  removed  by  the  recent 
work  of  GiiNTHEB  Neumann  which  was  carried  out  at  Breslau 
under  the  direction  of  Clbuens  Schabfeii. 

The  method  of  crossed  fields  was  employed.  The  apparatus 
formerly  used  by  Bucherer  was  borrowed  and  partly  remodeled. 
Twenty-six  negatives  were  selected  for  the  final  calculations. 
The  speeds  of  the  electrons  emitted  by  the  radium  salts  varied 
from  0-4  to  0'6  of  the  speed  of  light.  For  each  speed  observed, 
the  values  of  (for  small  speeds)  were  calculated  by  aid  of  the 
formulfB  deduced  on  the  theories  of  Abraham  and  Lorentz-Ein- 
stein.     The  resulting  values  of  -      are  plotted  as  ordtnates  on  a 

diagram  having  as  abscistiie  the  ratio  of  the  corresponding  elec- 
tronic speed  to  the  speed  of  light.  The  points  derived  from  the 
formula  of  Lorentz  fall  close  to  a  straight  line  parallel  to  the  axis 
of  abscissas,  whereas  the  points  pertaining  to  the  hypothesis  of 
Abraham  show  a  systematic  deviation  from  a  constant  value  of 
as  the  speed  increases.    Also  Buoherer's  data  give  points  which 

lie  almost  exactly  on  the  mean  straight  line  representing  Neu- 
mann's experimental  results.  Between  0-4  and  0-7  of  the  speed 
of  light  the  theory  of  Lorentz-Einstein  is  verified  to  about  1-5 
parts  in  a  thousand.  Because  of  the  ever  increasing  experimental 
difficulties  as  the  speed  of  light  is  approached,  the  verification  is 
not  quite  so  good  in  the  interval  0'7  to  0-8.  On  the  other  hand, 
the  curve  representing  the  hypothesis  of  Abraham  consistently  ap- 
proaches the  axis  of  abscissas  until,  at  the  speed-ratio  0-8,  a  devi- 
ation of  about  8  per  cent  from  the  value  of  —  at  low  speeds  is 
atuined.     It  is  therefore  clear  that  the  work  of  Neumann  has 
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settled  the  question  in  favor  of  the  theory  of  Lorentz.     Finally, 

tb«  weighted  mean  value  of  -  -  deduced  by  Neamapn  from  his 

experimental  data  is  given  aa  1-765  E.  ]U.  U.,  which  agrees  re- 
markahly  well  with  the  average  value  of  the  results  obtained  by 
other  investigators  and  by  other  sources  of  radiation. — Phytik. 
Zeiltchr.,  No.  22/23,  Nov.,  1913,  p.  1117.  a.  8.  v. 

II.     Geology  and  Mineralogy. 

1.  Changes  in  Jjeoelin  the Earth^a  Crugt ;  by  Osmond  Fisheb. 
(Communicated.) — In  the  addendum  to  a  paper  by  me,  on  "a 
saggested  cause  of  changes  of  level  in  the  earth,  published  in 
the  March  number,  1906,  of  this  Journal  (vol.  xxi,  p.  216),  I 
referred  to  a  paper  by  Col.  Burrard,  Surveyor  General  of  India, 
published  in  the  Transactions  of  the  Royal  Society.  In  that 
paper  Col.  Burrard  called  attention  to  the  "astonishing"  differ- 
ence of  0103™  between  the  value  of  gravity  at  Dehra  Dun  as 
determined  by  Basevi  and  Heaviside  and  that  about  30  years 
later  by  Capt.  Lenox-Conyugbam.  From  this  difference  I  argued 
that  there  had  been  a  change  of  density  beneath  that  station  in 
the  interval. 

However,  in  a  note  to  a  reply  to  some  criticisms  of  mine  upon 
his  theory  of  mountains.  Col.  Kurrard  now  says,  that  the  change 
referred  to  is  apparent  only,  and  was  due  to  the  vibration  of  the 
brick  pillars  on  which  Basevi's  pendulum  was  swung. 

Mr.  Oldham,  late  of  the  Geological  Survey  of  India,  has  now 
examined  this  question,  and  on  referring  to  Gen.  Walker's  account 
of  the  "Operations"  of  the  Survey,  1879,  he  finds  that  Basevi 
made  two  sets  of  observations  at  Dehra  Dun.  In  the  first,  his 
second's  pendulum  was  swung  on  a  wooden  support,  standing  on 
a  concrete  floor.  The  result  of  this  set  of  observations  agrees 
fairly  well  with  Lenox-Conyngham's.-  Subsequently  Basevi  made 
a  second  set  of  observations  at  Dehra  Dun,  in  which  his  pendulum 
was  swung  on  brick  pillars  and  the  result  obtained  differed  from 
the  former,  and  he  seems  to  have  considered  the  value  so  obtained 
as  the  more  trustworthy.  It  was  to  this  latter  result  that  Col. 
Burrard  referred  in  his  paper  at  the  Boyal  Society,  which  I 
quoted. 

It  now  appears  that  Jjenox-Conyngham,  who  swings  his  half- 
second's  pendulum  on  brick  pillars,  has  found  that  a  correction  is 
necessary  to  allow  for  the  vibration  of  the  pillars,  and  there  can 
be  little  doubt  but  that  Basevi'e  second  set  of  observations  was 
vitiated  by  a  like  cause.  Consequently,  as  Col.  Burrard  now 
says,  the  change  of  gravity,  deduced  by  comparing  Basevi's  value 
quoted  with  that  lately  obtained,  is  apparent  only.  Neverthe- 
less, there  does  seem  to  be  some  reason  to  think  that  small  changes 
in  the  value  of  gravity  are  at  present  going  on  at  Dehra  Dun,  as 
reported  in  "Nature,"  in  a  note,  vol.  xci,  p,  143,  1913. 

QiBvelej,  Hnntingdon,  Nov.  20,  1913. 
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2.  MeteoriUt  v».  TTie  Earth ;  bv  Oi.itee  C  FABRiMGToy. 
(Communicated.) — The  oriticinm  by  Merrill*  of  the  writer's  com- 
parison of  the  composition  of  meteorites  and  the  earth  BUffgests  to 
the  writer  some  further  observKtions.  With  Merrill'H  vietr,  that 
the  average  compiled  by  him,  by  omitting  the  metallio  iroo  and 
associated  metals  and  sulphides  from  the  aum  of  meteorite  compo- 
sitions, is  "  the  most  acid  pliaae  conceivable  *'  for  a  meteontic 
magma,  the  writer  can  hardly  agree.: 

The  quantity  of  unknown  matter  of  the  earth  so  greatly  ex- 
ceeds that  of  the  known,  that  in  comparing  meteorites  with 
the  known  matter  of  the  earth  only  a  few  meteorites  need 
be  taken.  Assuming  a  knowledge  of  the  composition  of  tbe  earth 
to  a  depth  of  ten  miles,!  and  regarding  tbe  mean  diameter  of  tbe 
earth  as  7913  miles,  the  unknown  substance  of  the  earth  exceeds 
the  known  in  the  ratio  of  131:1.  Hence  only  4  of  tbe  analyses, 
numbering  443  in  all,  which  were  used  by  the  writer  to  obtain 
an  expression  for  tbe  composition  of  the  earth,  J  need  be  used 
to  represent  tbe  compositton  of  the  earth's  crust,  tiuch  a  sum, 
moreover,  would  have  the  advantage  of  being  derived  from 
actual  analyses  rather  than  from  a  secondary  treatment  of  them. 
For  these  four,  in  order  that  only  well-known  and  representalive 
meteorites  may  be  taken,  those  of  Juvinae,  Frankfort,  Petersburg 
and  Stannern,  as  given  in  the  writer's  list,  may  be  used.  The 
average  of  these  calculated  to  100  is  shown  below  and,  for  com- 
parison, Washington's  average  for  terrestrial  rocks  and  Merrill's 
Table  V. 


II 


III 


I 

Heteoritee 

SiO      49-85 

Al,0, 11-14 

Feb    f '^" 

MgO 9-83 

CaO    9-44 

NaO 0-63 

K,0    014 

H.O    

TiO,    003 

P.O. o-ov 

10000 


That  a  magma  of  the  composition  shown  in  Table  I  might 
differentiate  into  the  present  rocks  of  the  earth's  crust  seems  to 
the  writer  entirely  conceivable.     Differentiations  much  greater  in 

•This  Joonul,  (4),  ziiv,  834,  1018. 

t  Clarke's  aaaumption,  Ball.  U.  S.  G.S.,  491,  p.SS. 

X  Pabl.  Field  Moseam,  Oeol.  Ser.,  vol.  tU,  p.  318, 1611. 


WuhiDEton'i 

•T«mge  or 

Merrlirs 

Tabl.  V 

58-24 

45-46 

15-80 

3-21 

7-21 

1  lV-29 

3-84 

2«-86 

5-22 

2-06 

3-91 

1-11 

3-16 

0-38 

1-79  MnO 

0-65 

'■«  %';%• 

+  fo-98 
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kiod  occur  among  observed  rockx  of  the  crust,  and  it  is  iiot  diffi- 
cnlt  to  conceive  that  differentiation  on  a  profounder  xcale  in 
the  early  periods  of  the  earth's  history  could  have  produced  the 
crust  of  the  present  time  from  a  magma  like  the  above. 

The  view  of  Merrill  that  the  excess  of  iron  and  magneBium  in 
the  older  rocks  is  altogether  the  result  of  secondary  accumulation 
Heems  aieo  to  the  writer  open  to  question.  If  time  is  the  only 
factor  necessary  for  the  accumulation  of  metals  and  their  com- 
pounds, it  would  seem  that  all  metals  and  their  salts  should  show 
preponderaDoe  in  the  early  rocks.  As  is  well  known,  this  is  not 
thecaae.  That  the  two  metals  most  abundant  in  meteorites  should 
also  be  most  abundant  in  the  early  rocks  is /jrimayVic/e  evidence 
in  favor  of  the  excess  of  these  metals  at  that  time.  Even  if  the 
Lake  Superior  iron  deposits  can  be  shown  to  be  the  result  of  sec- 
ondary accumulation,  it  should  be  borne  in  mind  that  these  are 
bnt  a  part  of  the  iron  depofits  of  early  periods.  The  great 
bodies  of  magnetite  of  Laurentian  age  in  the  Adirondacks  and 
Canada  appear  to  bo  of  primary  origin.  Important  iron  deposits 
in  Norway  are  reported  to  be  magmatic  segregations  of  Archean 
granite  rocks.  The  great  iron  deposits  of  Sweden  are  connected 
with  early  eruptive  rocks,  and  so,  too,  are  large  ones  of  the  Urals. 
It  seemsdoubtful,  therefore,  whether  the  excess  of  iron  in  the  older 
rocks  can  be  altogether  explained  by  the  theory  of  secondary 
accumulation. 

With  regard  to  the  origin  of  dolomite,  it  is  probably  true  that 
the  view  that  it  is  formed  by  the  gradual  replacement  of  lime  by 
magnesia  through  the  downward  percolation  of  magnesian  waters 
is  a  generally  accepted  one,  but  it  is  hoped  that  this  will 
not  prevent  acceptance  of  another  theory  if  satisfactory  evi- 
dence can  be  presented  in  behalf  of  it.  Several  students  of  the 
subject  have  of  late  given  excellent  reasons  for  dissatisfaction 
with  the  replacement  theory,  and  other  methods  of  origin  are  being 
sought.  One  of  the  most  complete  of  the  recent  summaries  is  by 
Steidtmann,*  who  after  an  extensive  study  expresses  the  view  that 
"  the  occurrence  of  dolomites  of  vast  thickness  and  extent  cannot 
find  a  ready  explanation  in  the  mutative  agency  of  underground 
waters."     A  similar  view  is  expressed  by  Daly.f 

That  the  sea,  and  therefore  the  limestones  formed  in  it,  are 
steadily  becoming  more  calcio  and  less  magnesian  on  account  of 
the  greater  solubility  of  lime  salts,  is  clearly  shown  by  Steidtmann 
in  the  article  mentioned.  The  highly.magnesian  nature  of  crinoid 
tests,  as  shown  by  analyses,|  seems  to  the  writer  a  further  indi- 
cation of  this  change.  In  a  more  magnesian  ocean  such  forms 
could  flourish  in  great  abundance  and  become  important  rock- 
forming  agents,  but  as  the  amount  of  magnesia  diminished  they 
gradually  became  extinct. 

•Jour.  Gsol..  xii.  843.  1911. 
tTliis  JonrDBl,  (4),  ixiii,  109,  1907. 

iH.  W.  NioboU,  Pub.  Field  Col.  Hw.,  Oeol.  Ser.,  iii,  49,  1906  ;  Cluke, 
Bull.  491,  U.S.G.8.,p.  640. 
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3,  The  San  Prancuean  Volcanic  Field ;  by  Henby  Hollistkb 
RoBiitsOM ;  ProfeBsiona!  Paper  No.  76,  U.  S.  Geo!.  Surv.,  8vo, 
pp.  213,  maps  aod  figs.,  1913. — The  San  Francisco  Monntains,  so- 
called,  in  Arizoaa  have  in  recent  years  become  well  knowo  as 
they  are  situated  beside  the  tourist  route  to  the  Grand  Canyon  of 
the  Colorado.  Id  addition  to  the  |>roHiiaent  central  mass  of  San 
Francisco  Mountain  there  are  a  number  of  other  peaks  situated  in 
its  vicinity  or  at  no  great  distance  from  it,  the  whole  constitutiDg 
a  distinct  field  of  volcanic  activity  on  this  portion  of  the  great 
plateau.  It  is  of  this  volcanic  group  that  Dr.  Kobiflson  here  pre- 
sents the  results  of  extensive  studies  in  the  field  and  of  the  mate- 
rial collected  by  him  in  the  laboratory.  The  result  forms  one  of 
the  roost  detailed  investigations  of  an  extinct  volcanic  group 
which  has  yet  been  undertaken  in  this  country. 

After  the  introduction  and  a  general  consideration  of  this 
region,  the  author  gives  an  account  of  the  sedimentary  platform 
upon  which  the  volcanoes  have  been  built,  and  then  takes  up  the 
general  geology  of  the  volcanoes  and  lava  fields.  He  shows  that 
there  were  three  general  periods  of  volcanic  activity,  beginning 
with  outflows  of  basalts,  followed  by  the  formation  of  the  volcanic 
cones,  and  ending  with  another  outbreak  of  basalt,  forming  a 
great  number  of  small  cones  aod  of  flows. 

The  second  period  presents  the  moat  complex  stage  of  volcanic 
activity,  as  the  cones  in  general  are  built  up  of  various  kinds  of 
lava.  Thus  at  t^an  Francisco  Monntun  five  stages  of  emption, 
each  yielding  a  different  type  of  lava,  have  been  worked  oat. 
The  geology  of  each  of  the  main  peaks  is  described  in  detail,  first 
with  San  Franciscn  Mountain,  the  main  cone  of  the  district,  fol- 
lowed by  Kendrick  Peak,  Bill  Williams'  Mountain,  0'r>eary  Peak, 
Sitgreaves  Peak,  and  Mormon  Mountain.  In  addition  to  these 
cones  the  author  shows  that  in  the  second  period  there  were  also 
intrusions  of  peculiar  laccoliths,  which  were  not  only  iotrusive, 
but  also  partly  extrusive  in  nature. 

The  succeeding  portion  of  the  work  is  devoted  to  presenting 
the  results  of  the  petrographic  study  of  the  lavas  and  of  the  gen- 
eral petrology  ol'  the  district.  I'he  different  kinds  of  rocks, 
rhyolites,  dacites,  latites,  andesites,  and  basalts,  have  been  thor- 
oughly investigated,  and  their  description  is  accompanied  by 
numerous  chemical  analyses  made  by  the  author.  Under  the 
heading  of  the  petrology  there  ix  given  a  series  of  statistical 
studies  of  the  results  afforded  by  the  chemical  analyses,  affecting 
the  origin  and  differentiatiun  of  the  lavas,  from  various  points  of 
view.  The  author  here  comes  to  some  very  interesting  conclu- 
sions which  have  a  bearing  on  the  general  petrology  of  igneous 
rocks,  but  it  would  be  beyond  the  scope  of  this  review  to  present 
and  discuss  them.  The  whole  work  forms  an  important  contri- 
bution not  only  to  our  knowledge  of  the  geology  of  this  part  of 
the  country,  but  also  to  the  subject  of  theoretic  petrology  in  gen- 
eral, and  the  final  conclusions  which  Dr.  Robinson  has  drawn 
from  the  results  of  his  studies  should  be  read  by  all  petrologists. 
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4.  The  Devonian  of  Man/land.  Geological  Survey  of  Mary- 
land, 3  vols.,  with  1280  pages  and  171  pUtee. — This  great  work 
treating  of  the  entire  Devonian  of  Maryland  was  begun  about 
fifteen  years  ago,  since  which  time  it  has  grown  to  unfore- 
seen proportions.  The  Lower  Devonian  (pp.  1-660,  98  plates)  is 
the  work  of  C.  K.  SwarU,  Charles  Schuchert,  C.  S.  Prosser,  E.  0. 
Xllrich,  R.  S.  Bassler,  T.  P.  Maynard,  D.  W.  Ohem,  and  R.  B. 
Bowe.  The  Middle  Devonian  (pp.  1-338,  40  plates)  is  by  C.  S. 
ProBser,  £.  M.  Kindle,  E.  O.  Ulnch,  R.  S.  Bassler,  and  C.  K. 
Swartz;  while  the  Upper  Devonian  (pp.  339-701,  33  plates)  is  by 
C.  S.  Prosser,  C.  E.  Swartz,  and  John  M.  Clarke. 

Of  the  fossil  forms  discuHsed,  there  are  786,  of  which  397  (142 
new)  are  from  the  Lower  Devonian,  186  (21  new)  are  from  the 
Middle  Devonian,  and  303  (60  new)  are  from  the  Upper  Devo- 
nian.    These  fossils  occur  in  the  following  formations  : 

Lower  Devonian — 

Helderberg  formation,  thickness 290-    360  feet 

Oriskany  formation,  "         fiO-    417     '* 

Middle  Devonian — 

Romney  formation,  "  60(>-  1650     " 

Upper  Devonian — 

Jennings  formation,  "         3400-4750    " 

CaUkill  formation,  "         1200-3800    " 

Total  thickness,        6640-10,967  feet 

This  storehouse  of  information,  together  with  the  Palaeontol- 
ogy of  New  York,  will  be  the  mecca  to  which  all  students  of  the 
paleontologv  and  stratigraphy  of  the  Devonian  in  eastern  America 
ranst  go.  We  extend  our  hearty  congratulations  to  State  Geol- 
ogist William  fiutlock  Clark  upon  the  completion  of  this  model 
report  on  the  Devonian  of  Maryland.  c.  s. 

6,  Stratigrophy  and  Paleontology  of  the  Alexandrian  Seriee 
in  lUinoie  and  Missouri,  Ft.  I ;  by  T.  E.  Savage.  Illinois  Qeol. 
Surv.,  Bull.  23,  pp.  1-124,  pis.  I-VII,  1913.— A  careful,  detailed, 
and  well-illustrated  study  of  the  basal  Silurian  formations  of 
southern  Illinois,  with  a  description  of  the  faunas  of  the  two  low- 
ermost members,  the  Girardeau  (28  species,  12  new),  and  Edge- 
wood  limestones  (59  species,  36  new,  and  the  new  coral  genus 
Vaiviniu).  In  northern  Illinois  occurs  the  Channahon  limestone, 
which  is  correlated  with  the  Edgewood;  of  the  23  species  (12 
new)  found  in  the  former  series,  8  are  also  found  in  the  Edge- 
wood  ;  but  the  general  aspects  of  the  two  faunas  are  more  harmo- 
nious than  the  figures  indicate.  c.  s. 

6.  On  the  important  part  played  by  calcareous  Alga)  at  certain 
geological  horizons,  with  special  reference  to  the  PtUieoxoie  rocks; 
by  E.  J.  Garwood.  Geol.  Mag.,  dec.  v,  vol.  x,  pp.  440—448,  49t)- 
498,  54(}-5&3,  1913.— Because  of  the  marked  interest  that  is  now 
being  manifested  the  world  over  in  the  important  r&le  played  by 


Dcillizedoy  Google 


204  Scienti^  InteUigenee. 

the  calcareous  algie  in  the  formatioQ  of  limestODeH  and  other  cal- 
careoue  §trata,  attention  is  directed  to  thia  important  pajwr, 
delivered  bf  Professor  Garwood  as  his  Presidential  Address  be- 
fore the  Geological  Section  of  the  British  Asaociation  for  the 
Advancement  of  Science,  at  the  Birmingham  meeting.  The  more 
important  literature  on  the  subject  is  referred  to  in  the  paper. 

c.  s. 

7,  The.  Geological  Survey  of  Oklahoma. — At  a  meetiDg  of 
the  State  Geological  OommiBsion  of  Oklahoma,  late  in  December, 
the  resignation  of  D.  W.  Ohem  ae  Director  of  the  Oklahoma 
Geologival  Survey  wan  accepted.  L.  C.  Snider,  the  aseiatant  direc- 
tor, declined  to  ooneider  the  directorship  and  C.  W.  Shannon, 
field  geologist,  was  appointed  director.  The  personnel  of  the 
scientific  staff  of  the  Survey  as  now  cons^tuted  is  as  follows : 
C.  W.  Shannon,  director;  L.  C.  Snider,  asBietant  director;  L.  E. 
Trout,  field  geologist;  Wm.  A.  Buttram,  chemist. 

8,  Mineralogie  de  la  France  et  de  tea  Colonies  /  per  A, 
Lacroix.  Tome  cinqui^me  ;  Deuxidme  Supplement  et  Index 
G^ographiaue.  Pp.  601.  Paris  191S  (Librairie  Poly  technique). 
— Tbis  IS  the  second  SLipplement  to  the  exhaustive  work  by  Pro- 
fessor Lacroi.'c.  It  is  chiefly  given  to  a  geographical  index  of 
localities  with  the  species  occurring  at  each.  The  places  are 
arranged  alphabetically  under  the  countries,  France,  Alsace,  Bel- 
gium, etc.;  also  Algeria  and  other  French  colonies,  the  most 
important  of  which  from  the  mineralogical  standpoint  is  Mada- 
gascar. The  interesting  new  species  from  this  remarkable  island 
with  notes  on  some  other  minerals  are  described  briefly  in  the 
opening  pages. 

9,  Handbuch  der  Mineralogie  y  von  Dk.  Cabl  Hintzk. 
Erster  Band,  Liefernng  16  ;  pp.  2401-2560.  Leipzig,  1913  (von 
Veil  &  Comp.). — Begun  in  1899,  the  Mineralogy  of  Hintze  has 
now  reached  its  twenty-eighth  part.  The  minute,  careful  labors 
which  the  author  has  devoted  to  this  great  work  are  beyond 
praise.  The  present  part  is  given  to  the  fluorides,  the  species 
fluorite  occupying  much  of  the  space. 


III.     MiscELi^HEocs  Scientific  Intelliqence. 

1,  The  Semi-Centemiial  Annicersary  o/the  National  Academy 
of  Sciences,  1863-1913.  Pp.  vii,  108,  with  illustrations.  Washing- 
ton, 1913. — A  memorial  volume,  giving  a  history  of  the  first  fifty 
years  of  the  National  Academy  of  Sciences,  was  published  some  six 
months  since  and  noticed  in  this  Journal  at  the  time  (see  vol.  xxxvi, 
p.  18S).  The  semi-centennial  anniversary  meeting,  held  in  Wash- 
ington in  April,  was  an  occasion  of  great  interest  not  only  to  the 
Academy  itself  but  also  as  regards  American  science  in  general. 
We  have  now  an  account  of  this  April  meeting  prepared  by  the 
Home  Secretary,  Dr.  Arthur  L.  Day,  which  gives  in  detail  the 
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exercises  of  the  three  days  oonoemed.  The  volume  opens  with  a 
copy  of  the  official  program,  following  which  is  the  introductory 
address  of  President  Rerasen.  Other  formal  addresses  by  distin- 
guished men  especially  invited  for  the  occasion  follow.  These 
include  President  A,  T.  Hadley,  who  spoke  on  the  relation  of  sci- 
ence to  the  higher  education  in  America  ;  Professor  Arthur 
Schuster,  on  international  codperation  in  research  ;  Dr.  George  E. 
Hale,  oo  the  earth  and  sun  as  magnets  ;  and  Professor  J.  C  Kap- 
teyn,  on  the  strQcture  of  the  universe.  The  remarks  of  Dr.  Wood- 
ward and  President  Wilson  on  the  occasion  of  the  distribution  of 
medals,  are  given  in  full.  The  meeting  closed  with  a  dinner  for 
the  members  of  the  Academy  and  invited  guests,  and  the  secre- 
tary is  able  to  give  here  the  complete  speeches  hy  the  various  gen- 
tlemen called  upon  by  Dr.  Woodward,  the  toastmasler.  These 
were  Vice  President  Thomas  R.  Marshall,  Hon.  James  Bryce,  the 
late  Dr.  S.  Weir  Mitchell,  Dr.  W.  W.  Keen,  and  Hon.  Theodore 
K  Burton.  These  speeches,  with  the  remarks  of  the  toastmaater 
himself,  form  one  of  the  most  interesting  features  of  the  present 
volame,  which  closes  with  the  register  of  those  in  attendance. 

2.  Annual  Tables  of  Constants  and  Nvmericai  Data,  chem- 
ical, physical,  and  technological,  published  by  the  International 
Commission  of  (he  VII  and  VIII  International  Congresses  of 
Applied  Chemistry. — Volume  HI  of  these  tables  is  now  in  press 
and  will  be  issued  in  the  first  half  of  1914.  A  descriptive  circu- 
lar with  references  to  reviews  of  previous  volumes  may  he  secured 
on  application  to  the  University  of  Chicago  Press.  The  subscrip- 
tion to  volume  III,  now  opened,  will  be  closed  March  31,  1914. 
The  names  of  subscribers  should  be  sent  to  the  University  of 
Chicago  Press,  to  which  subscriptions  are  payable  at  the  time  of 
publication.  The  price  of  volume  III  (as  for  volume  II)  is  tS 
unbound,  W.80  bound  (carriage  free).  Members  of  contributing 
societies  (the  National  Academy  of  Sciences,  the  American  Acad- 
emy of  Arts  and  Sciences,  the  American  Chemical  Society,  the 
American  Electrochemical  Society,  the  Society  of  Chemical  Indus- 
try) and  of  contributing  manufacturing  establishments  are  entitled 
to  a  discount  of  20  per  cent  (but  not  on  the  binding)  provided 
their  subscriptions  are  received  by  March  31,  1914.  After  March 
31  the  price  will  l>e  tS.40  (unbound)  and  t7.20  (bound),  with  a 
charge  for  carriage  ;  no  discounts  will  be  allowed.  • 

The  Commissioners  for  the  United  States  are  :  Julius  Stieglitz, 
University  of  Chicago ;  Edward  C.  Franklin,  I.eland  Stanford 
University  ;  Henry  6.  Gale  and  Albert  P.  Mathews,  University 
of  Chicago. 

3.  Tl*e  F\tngi  which  cause  Plant  Disease  ;  by  F.  L,  Stbtbns. 
8vo,  pp.  754,  449  figures.  (The  Macmillan  Company,  New  York, 
1913.) — The  title  of  this  work  might  naturally  convey  the  impres- 
sion of  a  popular  general  treatise  on  pathogenic  fun^,  perhaps 
after  the  order  of  U.  Marshall  Ward's  book,  "  Disease  in  Plants." 
Although,  of  course,  such  books  have  their  peculiar  value,  the 
present  work  is,  as  a  matter  of  fact,  not  at  all  of  this  type.     Dr. 

Am.  Jour.  Sdi.— Foubth  Serub,  Vol.  XXXTII,  No.  218.— Fesrcabt,  1914. 
IS 
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Stevens*  earlier  boolc,  "  Diseases  of  Economic  Plants,"  lavi  espe- 
cial emphasis  on  the  host  in  its  treatment  of  the  varioas  diseaaea, 
dealing  with  the  symptoms  of  the  disease,  prevalence,  damage 
caused,  methods  of  control,  etc.;  the  preseDt  work  is  more  or  less 
complementary  to  this,  in  that  it  treats  especially  of  the  oansal 
organisms. 

After  a  brief  introduction,  the  first  part  is  devoted  to  the  Mrxo- 
mycetes  aiid  Bacteria,  and  Phycoraycetes,  Ascomyoetes,  Basidicv 
mycctes  and  Fungi  Imperfect!  follow  on  in  the  order  named.  All 
genera  and  species  of  economic  importance  in  this  country,  and  a 
few  so  far  known  only  in  Europe,  are  included.  Each  genus  of 
pathological  importance  is  represented  by  at  least  one  figure. 
Practical  keys  for  the  various  groups  of  fungi  are  supplied 
throughout  the  book. 

One  of  the  roost  commendable  points  is  the  comprehensive  bib- 
liography appended  after  each  part.  Such  references  to  the  litera- 
ture are  particularly  helpful  to  the  student  engaged  in  research,  and 
as  one  looks  through  the  book,  the  lar<re  number  of  fungi  which  are 
said  to  be  "  probably,"  or  "  perhaps"  parasitic,  or  of  which  little 
seems  to  be  Known  save  the  bare  fact  of  their  occurrence  on  a 
given  host,  is  certainly  convincing  as  to  the  great  need  of  such 
research. 

In  addition  to  the  bibliographies,  lists  of  the  more  useful  gen- 
eral works  and  periodicals,  and  a  glossary  and  index  are  added. 
A  few  typographical  eri-ois  appear  here  and  there,  and  also  some 
inconsistencies  in  the  headings  and  bibliographical  references; 
yet  the  book  represents  such  a  vast  amount  of  labor  and  is  so 
exceedingly  valuable  to  students  of  plant  pathology  that  we  are 
loath  to  mention  thene  imperfections  at  all.  a.  u.  o. 

4.  Measures  of  Proper  Motion  iSlars  made  mith  the  iO-ineh 
Refractor  of  the  Yerkes  Observatory  in  the  Yean  1907  to  191S; 
byS.  W.  BuKNHAU.  (Carnegie  Institution  of  Washington,  Publi- 
cation 168.) — As  one  examines  this  record  of  a  great  contribution 
to  an  important  branch  of  astronomical  research,  it  is  natural  to 
contrast  it  with  the  earliest  work  of  the  same  observer,  done  with- 
out any  previous  training  with  the  simplest  instruments  in  such 
fragments  of  time  as  could  be  saved  from  the  business  of  a  reporter 
for  the  courts  of  Chicago,  but  stamped,  then  as  now,  with  the  mark 
of  an  unequaled  ability  for  observations  of  this  kind.  It  need 
hardly  be  said  that  with  the  best  telescope  in  the  world,  the  best 
atmospheric  conditions,  and  all  the  appliances  of  a  great  observa- 
tory at  command,  Mr.  Burnham's  work  cannot  be  rivalled  else- 
where. 

The  present  volume,  No.  II,  records  about  9500  measurements, 
following  vol.  I,  which  covered  the  period  from  1697  to  1906, 
published  in  the  general  Catalogue  of  Double  Stars  of  the  Carne- 
gie Institution.  The  greater  number  of  stars  given  in  this  volume 
are  taken  from  the  same  volume.  Stars  of  appreciable  proper 
motion  being  in  general  our  nearest  group  of  neighbors,  astro- 
nomically speaking,  as  well  as  fairly  bright  for  th«  same  cause, 
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tbe  reason  for  aelectiDg  sach  doablo  stars  for  meaBurement  before 
eiploring  the  field  further  is  evident.  "For  many  years,"  the 
author  remarks,  "  I  have  been  hunting  for  a  faint  star  with  some 
certain  proper  motion,  but  so  far  without  succesa," 

Considerable  attention  has  been  given  to  an  interesling  group 
of  39  bright  stars,  principally  in  Taurus,  first  noted  by  Boss,  wbich 
appear  to  have  a  proper  motion  in  common  of  about  O-IO'  in  the 
same  direction.  Mr.  Burnham  has  added  three  more,  and  most 
of  the  42  have  been  located  by  position  angle  and  distance  from 
one  or  more  neighboring  faint  stars.  w.  b. 

5.  Astronomy:  A  Popular  Handbook;  by  Hakold  Jacobt, 
Rutherford  Professor  of  Astronomy  in  Columbia  University. 
Pp.  435.  New  York,  1913  (The  Macmillan  Co.).— The  accumu- 
lation of  new  material  in  aslronomy  warrants  the  publication  of 
popular  handbooks  at  short  intervals,  and  this  work  brings  the 
record  up  to  date  most  satisfactorily,  both  in  the  choice  of  mate- 
rial and  the  form  of  presentation.  If  tbe  ordinary  reader  cannot 
digest  all  that  it  offers,  it  is  due  to  the  subject  rather  than  the 
author  whose  faculty  both  for  elucidating  and  condensing  is 
unusaal,  as  is  his  independence  of  thought. 

An  example  of  the  latter  is  his  treatment  of  the  question  of  the 
Martian  Canals,  a  subject  on  which  the  public  possesses  a  large 
amount  of  misinformation.  Dr.  Jacoby  dissents  from  the  theo- 
ries of  Percival  Lowell  whom  he  thinks  to  be  the  author  rather 
than  tbe  discoverer  of  most  of  these  canals,  and  those  who  wish 
to  know  the  argument  for  the  negative  should  not  fail  to  read 
this  book. 

Many  points  of  interest  are  excluded  from  this  notice  for  want 
of  space,  but  something  should  be  said  of  tbe  plan  of  the  author 
to  make  tbe  book  serve  the  double  purpose  of  a  popular  treatise 
and  a  satisfactory  text-book  for  high  schools  and  colleges.  This 
he  aims  to  do  by  kee{)iDg  the  text  for  360  pages  free  from  formal 
mathematics,  condensing  this  into  an  appendix  of  60  pages.  The 
attempt  does  not  seem  to  the  present  writer  likely  to  succeed 
without  much  bard  labor  on  the  part  of  the  teacher ;  except  for 
the  aalhor,  whose  method  is  no  doubt  best  suited  to  his  own  class 
room.  w.  B. 

6.  The  American  Chemical  Journal. — The  fiftieth  volume  of 
the  American  Chemical  Journal,  completed  in  1913,  closes  the 
independent  career  of  this  important  periodical.  Started  in  1679 
at  the  Johns  Hopkins  University  under  the  editorship  of  Profes- 
sor Remsen,  it  has  occupied  from  the  start  a  prominent  place  in 
chemical  literature  and  has  done  a  great  work  in  stimulating  the 
ever- increasing  activity  of  chemical  research  in  this  country.  In 
future  the  papers,  which  would  have  come  to  it,  will  be  cared  for 
by  the  Journal  of  the  American  Chemical  Society.  An  index  to 
the  fifty  volumes  of  the  American  Chemical  Journal  is  to  be 
issued  and  will  be  sent,  to  those  ordering  it,  by  the  Johns  Hop- 
kins Press,  Baltimore  ;  price  one  dollar  and  fifty  cents. 
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Dr.  Silas  Wbik  Mitchell,  gifted  alike  as  investigator,  phy- 
sician, novelist,  and  poet,  died  on  January  4  in  bis  eighty-fifth 
year.  Few  men  of  any  nation  or  time  have  been  able  to  accom- 
plish 80  rare  a  work  in  physiology  and  medicine  and  at  the  8ame 
lime  to  take  a  place  in  the  first  rank  of  men  of  letten*.  Hia  inter- 
ests were  as  varied  a'j  his  vigor  was  unlimiteil,  and  his  activity 
continued  till  near  the  close  of  his  long  life,  lie  will  be  mourned 
alike  by  a  circle  of  friends  as  broad  as  the  nation  and  by  a  host 
of  grateful  patients  whom  he  helped  to  overcome  their  nervous 
ailments. 

Dr.  Benjamin  Osoood  Pbirce,  Hollis  professor  of  mathematics 
and  natural  philosophy  in  Harvard  University,  died  on  January 
14  in  his  sixtieth  year.  He  was  born  on  Feb.  U,  1854,  and  edu- 
cated at  Harvard,  Leipzig,  and  Berlin.  His  original  scientific 
work  was  varied  and  important,  extending  over  both  mathematics 
and  physics ;  the  phenomena  of  magnetism  were  of  particular 
interest  to  him. 

Dr.  Setii  Carlo  CHANDLBB,the  distinguished  astronomer, died 
at  his  home  in  Wellesley,  Mass.,  on  Dec.  31,  at  the  age  of  sixty- 
seven  years, 

pBOFBSsoB  WiNSLow  UpTON,  head  of  the  astronomical  depart- 
ment of  Brown  University,  Providence,  died  on  January  8,  aged 
sixty -one  years. 

Dr.  CuABLKS  BuDD  RoniNsON,  economic  botanist  of  the  Bureaa 
of  Science  of  the  Philippine  Islands,  recently  met  his  death  at 
the  hands  of  the  natives  of  the  Amboyna  Islands ;  he  was  in 
his  forty-third  year. 

SiB  KoBBRT  Stawkll  Ball,  the  eminent  astronomer,  died  in 
London  on  November  25,  at  the  age  of  seventy-three  years. 
Born  in  Dublin  in  1640,  he  was  professor  of  astronomy  in  the 
University  of  Dublin  and  Astronomer  Royal  of  Ireland  from  1874 
to  I8D^.  I^ter  he  became  Lowndean  professor  of  astronomy 
and  geometry  at  Cambridge  University  and  director  of  the  Cam- 
bridge Observatory,     He  was  knighted  in  1880. 

Sir  Trrvob  Lawrence,  the  Engttdh  botanist  and  president  of 
the  Royal  Horticultural  Soi^iety,  died  on  December  22,  1913,  in 
the  eighty-second  year  of  his  age. 

Dr.  Penry  Vauguan  Bbvak,  the  English  physicist,  professor 
in  the  Royal  Holloway  College,  died  "on  December  15,  1813,  at 
the  early  age  of  thirty-eight  years. 

Dr.  W.  PoPPi.GWKLL  Hloxam,  formeily  proft-ssor  of  chemistry 
at  Madras,  died  on  December  26,  at  the  age  of  fifty-three  years. 
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Abt.  XV, — J'^oasil  Dolphin  from  California;  hy  Bichabd 
SwiMK  LniL.     With  Plate  VIII. 


Introdnotion, 

Extent  and  preservation  of  tbe  specimen. 

Dedication  of  tbe  specimen. 

Horphologj. 

The  axial  skeleton. 
Sknit. 

Dentition. 
Tertebral  column. 
Bibs. 
Sternum. 
The  sppendicntar  skeleton. 
Scapula. 
HttmerQB. 
Forearm. 
Hand. 
Snmmary. 

Introduction. 

There  has  recently  been  presented  to  the  Peabodv  Museum 
at  Yale  University  a  slab  of  sandstone  containing  tne  inipres- 
sion  of  a  small  fossil  whale,  apparently  one  of  the  Delphinidee, 
bnt  otherwise  new  to  science.  It  was  found  by  Mr.  Edwin 
White  Newliall,  Jr.,  of  the  Newhall  Land  and  Farming  Com- 

Sny,  San  Francisco,  and  presented  by  him  to  the  Peabody 
Qseum  through  the  intermediation  of  the  writer.     In  view  of 
the  scarcity  of  cetacean  remains  from  the  Tertiary  rocks  of  the 
Pacitic  coast,  and  of  the  perfection  of  the  relic,  the  specimen 
is  eminently  worthy  of  consideration. 
Am.  Jocb.  Sci.— Fourth  Sbribb.  Vol.  XXXVII,  No.  219.— Mahcb,  1914. 


Dcillizedoy  Google 


210         R.  S.  LuU—F0a«a  Dolphin  from  California. 

The  slab  was  foond  on  the  Sne;  ranch,  owned  hy  the  New- 
hall  Land  and  Farming  Company,  in  Sao  Louis  Obiepo  county, 
California,  in  what  is  called  "Snlphar  Creek"  canyon,  aboat 
700  feet  above  sea-level  and  30  miles  in  a  direct  line  from  the 
ocean.  Accordinf;  to  the  company's  maps,  the  place  is  in  the 
sontheast  corner  of  Section  17,  Range  33,  West  Township  11, 
north  San  Bernardino  Base  and  Meridian.  Sulphur  creek 
empties  into  the  Santa  Maria  river  at  about  the  eonthem 
extremities  of  Sections  16  and  17,  and  Mr.  Newhall  found  the 
specimen  about  a  quarter  of  a  mile  up  the  creek. 

Tlie  fossil  is  presumed  to  be  of  Miocene  age,  judging  from 
the  Geologic  Map  of  North  America  published  in  1911.  The 
precise   level,  however,  has  not   been   determined,   bnt  b  at 

S resent  under  investigation  through  the  courtesy  of  Professor 
ohn  C.  Merriam,  of  the  University  of  California. 

Extent  and  preservation  of  the  tpecimen. 

The  specimen,  which  bears  the  catalogue  number  10040, 
Yale  Museum  fossil  vertebrate  collection,  consists  of  a  single 
slab  of  sandstone,  upon  the  surface  of  which  the  articulated 
skeleton  of  the  dolphm  was  impressed  (see  Plate  VIII).  Most 
of  the  bones  have  been  eroded  away,  so  that  their  imprints 
alone  remain,  with  but  little  of  the  osseous  material  clinging 
to  their  depths.  Of  the  skull,  however,  a  great  deal  was  pre- 
served, for,  while  the  exposed  surface  had  suffered  from  weath- 
ering, removal  of  the  matrix  from  the  reverse  side  displayed 
most  of  the  right  aspect  of  the  cranium  and  jaws. 

There  remains  of  the  animal,  therefore,  the  entire  sknll  and 
jaws  with  many  of  the  teeth,  some  entire,  some  having  but  the 
root  embedded  in  the  alveolus,  and  others  represented  only  by 
their  impiint  in  the  matrix.  The  vertebral  column  is  indi- 
cated as  far  as  the  twelfth  dorsal,  though  eacli  bone  cannot  be 
clearly  distinguished.  There  are  twelve  pairs  of  ribs  and  the 
impression  of  the  sternuui  is  distinct.  Of  the  limbs,  the  left 
scapula,  the  humerus,  and  the  ulna  are  represented,  and  at 
least  four  phalanges  of  the  second  or  third  digit,  while  of  the 
right  paddle,  impressions  of  all  the  elements  remain  except  the 
distal  ends  of  the  several  digits.  There  is  unfortunately  no 
trace  of  lumbar  or  caudal  vertebi'se,  nor  have  I  recognized  any 
portion  of  the  pelvis,  which  would  be  of  great  interest  in  so 
old  a  form,  I  should  judge  the  animal  to  be  fully  adult 
despite  its  rather  small  size,  as  the  bones  show  scarcely  a  trace 
of  the  epiphyses. 

The  only  preparation  for  study  necessary  was  the  removal 
of  the  matrix  from  the  right  aspect  of  the  skull,  and,  after  a 
careful  preliminary  examination,  it  wa»  deemed  expedient  to 
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eliminate  the  bone  frt^mente  clinging  to  the  depths  of  certain 
of  the  impresBione,  eepecially  those  of  the  cervical  series  and 
of  the  rignt  paddle,  in  order  to  secure  by  means  of  casts  and 
otherwise  the  more  exact  contour  of  the  bones  themselves. 
One  should  fully  realize  that  while  the  imprints  are  often  deep, 
certain  ontlines  become  very  vague  and  the  extent  of  the  vari- 
ous processes  very  difficult  to  determine. 

The  entire  specimen  is  in  a  sense  comparable  to  the  deeply 
incised  but  partially  effaced  inscriptions  on  an  Egyptian  obe- 
lisk, and  the  interpretation  of  such  an  ancient  hieroglyph  is 
necessarily  halting. 

Dedication. 
I  propose  for  this  form  the  name  Delphinavus  newhaUi,  n. 
gen,,  n.  sp.,  the  generic  distinctions  in  contrast  with  DelpAinttt 
being  outlined  below.  The  species  is  dedicated  to  the  family 
of  Newhall,  twice  a  contributor  to  the  Tale  collections,  first 
through  the  late  Henry  G.  Newhall  of  the  class  of  1874,  Shef- 
field Scientific  School,  who  accompanied  Professor  Marsh  upon 
the  Yale  Expedition  of  1873,  and  again  through  his  nephew, 
Edwin  White  Newhall,  Jr.,  Massaenusetts  Agricnltural  Col- 
lege 1906,  the  discoverer  and  giver  of  this  important  specimen. 


For  the  purpose  of  comparison,  I  have,  through  the  conr- 
tesy  of  Doctor  George  F.  Eaton,  used  a  mounted  skeleton  of 
Delphinua  d^lphis,  catalogue  number  265,  Feabody  Mnsenm 
osteological  collection.  This  specimen  is  not  quite  mature,  as 
the  vertebral  epiphyses  are  still  free  from  their  respective 
centra.  The  skeleton  measures  5  feet  10  inches  from  tip  of 
rostrum  to  that  of  the  caudal  series.  The  fossil,  which  as  I  have 
said,  seems  to  have  been  fully  grown,  would  have  an  estimated 
length  of  perhaps  5  feet,  though  the  proportions  of  the  various 
regions  which  serve  to  make  up  the  total  length  differ  in  the 
two  forms,  as  I  shall  show. 

The  Asial  Skeleton. 
Skull. — In  the  proportions  of  cranium  to  rostrum  the  form 
under  consideration  agrees  most  nearly  with  the  modern  dol- 
phin, Delphinu8,  in  contrast  with  those  proportions  seen  in 
Phocana.  The  most  apparent  cranial  contrast  with  Delphinutt 
is  the  higher,  more  nearly  vertical  occiput  which  in  the  fossil 
makes  a  sharp  angle  with  the  roof  of  tlie  skull  at  the  vertex, 
instead  of  rounding  forward  as  in  the  modem  form.  The  pre- 
cise limits  of  the  various  bones  are  not  to  be  determined  with 
assurance  in  many  cases,  but  they  agree  in  general  with  those 
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of  Delphintis,  whli  the  following  exceptions.  Tlie  exoccipital 
bones  in  tlie  fossil  have  a  much  less  lateral  extent  in  proportion 
tu  their  height.  The  squamosal  bone  is  very  robust  and  broa^lU' 
espfti«]e<l  aiitero-posteriurly  so  Sf  to  Im;  l>olh  actually  and  rela- 
tively larger  and  heavier.  The  orbit  is  large  and  well  ronnded 
and  tlie  snjwrior  limiting  bones,  frontal  and  jugal.  are  eompar- 


Fio.  1.     Skull  Heeu  from  thv  right,  tiboiit  H  aat.  niie. 

atively  heavy.  The  frontal  plate  of  the  maxilla  does  not  appear 
to  have  the  full  lateral  or  posterior  expanse  which  is  character- 
istic of  the  modern  type,  as  its  presence  cannot  be  detected  in 
the  antorbital  or  orbital  regions  viewed  laterally.  What  appear 
to  he  fragments  of  the  zygomatic  process  of  the  jngul  arc  at 
least  twice  the  diameter  of  that  of  Delpftinus.  In  tlie  sliarp- 
edged  posterior  limitation  of  the  temporal  fossa,  the  fossil 
agrees  with  Delphinus  in  contrast  to  I'hocmna. 

Jaw. — The  two  forms  may  Ite  contrasted  in  the  proportions 
of  this  bone,  for  whereas  the  entire  length  of  the  mandible  ie 
278"""  in  the  fossil  to  370"""  in  the  recent  form,  their  vertical 
ex[>anse  at  the  posterior   end  is  essentially  the   same.     This 
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coupled  with  a  more  robust  an^le  in  the  fossil  implies  a  greater 
proportionate  jaw  power  in  the  older  form.  In  the  latter  the 
symphysis  is  apparently  longer,  though,  the  distal  two-thirds 
of  each  jaw  is  about  equal  in  slenderness. 

Dentition. — The  dental  formula  of  Delpkinus  is  — .     In  the 

fossil  the  number  of  teeth  in  the  upper  jaw  is  exactly  the  same, 


FiO.  2.  Bight  IsteTal  aapeot  of  bIcdII  and  jaws.  ^  nat.  size.  Bo,  basl- 
ocdpitol ;  C,  condyle  of  jaw ;  D,  dentoiy ;  Exo,  sxoccipital  ;  Fr,  frontal ; 
J,  jngal ;  Mar,  mazillaiy ;  Nat,  nasal ;  Oc,  occipital  condyle  ;  Iti,  parietal ; 
PiHX,  premaxllUrji  Pn,  ipoiterior  naree;  Sq,  uqnamoaal;  So,  mipTaocoipital. 

bat  the  imperfection  of  the  mandible  renders  a  connt  of  the 
lower  dentition  impoEsible.  There  ie  no  reason,  however,  to 
suppose  that  the  number  here  wae  not  also  essentially  similar. 
In  each  instance  the  premaxillary  bone  is  toothless. 

The  teeth  tliemselveB  are  also  alike,  being  simple,  slightly  re- 
GDrved  cones  without  carinee,and  with  smooth,  polished  enamel. 
They  contrast  sharply  with  the  spatulate   crowned  teeth  of 


In  so  far  as  I  am  able  to  judge,  the  skull  and  dentition  of  the 
fossil  agree  essentially  with  those  of  Delpkinus,  the  exceptions 
being  all  in  the  direction  of  greater  cetacean  specialization  on 
the  part  of  the  latter,  such  as  the  character  of  the  occiput,  the 
reduction  of  the  zygomatic  arch,  and  the  lessened  jaw  power. 


Dcillizedoy  Google 


214         Ji.  S.  Lull — Foaail  Dolphin  from  C'dlifoi-tiia. 
JWeaBifrenieutt  of  the  ticftll. 

OrljiAiniinitr  Driphiniu 

Cat.  No.  10040  Cat.  No.3«S 

Length,  including  rostrum 200"""  440""° 

"        ant«rior  end  of  jugal  to  tip  of  roBiruin     181  265 

Heigbt,verteK  to  lower  margin  of  ex  occipital  e     1  IT  150 

A ntero- posterior  diameter  of  orbit ,       35  49 

Length  of  mandible s;78  3"0 

Height  of  mandible  at  posterior  end 64  665 

Space  for  10  alveoli  in  rear  of  maxillary 43  47 

Maximum  length  of  crown  of  tootb 06  W 

Squamosal,  height 40  41*5 

"           exposed  breadth 36  21 

Tympanic  bone,  greatest  diameter 30 

HeigDt  of  mandible  at  mid-length 175  26-5 

Length  of  Bymphysis -T2'4  37 

Veitical  diameter  of  mandibular  condyle 20-5  23 

Vertebral   colmnn. — Cervical  vertebrae.     The  eervicals  are 
recorded  only  as  deep  impi-csBions  in  the  matrix,  so  that  their 

Fio.  3. 


Fio.  3.  ImpreBsiong  of  cervical  verlebne.  ^  nat.  iiize.  /,  BtlM;/ac, 
posterior  facet  of  atlas :  :,  poBtzygapophvBiB  of  axis ;  ill,  1  first  doraal ;  VII, 
aeTenth  cerrical. 

interpretation  is  accompanied  with  great  difficulty  and  the 
apparent  results  may  not  be  in  harmony  with  the  actual  facts. 
The  vertebrae  seem  to  be  entirely  free,  the  atlas  presenting  its 
posterior  aspect,  with  well-developed,  slightly  convex  facets  for 
articulation  with  the  axis,  such  as  Delpliinus  miglit  well  exhibit 
were  the  bones  not  coalesced  in  their  lower  half.  The  right 
diapopliysis  18  indicated.    The  axis  seems  to  have  been  a  rather 
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maeeive  bone,  and  exhibits  again  tlie  posterior  face  of  the  een- 
tram,  which  is  concave  with  well-ronnded  margins.  The  axial 
arch  and  spine,  the  former  exhibiting  a  well-developed  post- 
zygapophysis  apon  the  left  Bide,  are  well  preserved  but  appar- 
ently entirely  detached  from  the  centrnni, 

I  can  discern  with  fair  assurance  the  impressions  of  five  or 
sis  cervicak  in  proper  sequence,  but  what  is  apparently  the 
sixth  shows  a  diapophysis  comparable  in  development  to  that 
of  the  seventh  in  Ddphinus,  while  just  beyond  it  there  lies  an 
impression  very  saggeative  of  the  diapophysis  which  in  the 
modern  form  articulates  with  the  tuberculum  of  the  first  rib  ; 
one  cervical  is  therefore  either  missing  or  too  obscurely  defined 
to  be  recognized. 

In  comparison,  then,  with  Delphijtug,  the  fossil  again  exhibits 
more  generalized  traits  in  the  free  cervicals,  in  their  actually 
greater  length  in  the  smaller  specimen,  and  their  much  greater 
relative  size.  They  seem  to  represent  more  nearly  the  degree 
of  evolution  shown  by  Inia,  but  display  no  feature  which 
would  debar  the  older  type  from  direct  ancestry  to  Delpfttnvs. 

MecuuremenU  of  the  cervical  aeries. 

Delphinami*  Delphittut 

Cat.  No.  10040  Cat.  No.2«S 

Length  of  entire  series 74iiioi»  4701m 

Width  of  atlas    685  110 

Height  of  axial  spine  measured  from  base  of 

postzygapophysis 46  40 

Dorsal  verte^rtB. — At  least  twelve  rib-bearing  vertebrse  are 
preserved,  comparable  in  number  to  those  of  Phoccena,  and 
three  fewer  than  in  Delphinus  delphit.  However,  this  is  of 
little  moment,  as  the  remainder  ofthe  body  is  lacking  in  the 
fossil  so  that  the  number  of  dorsals  and 
ribs  may  readily  have  been  greater.  Fia.4. 

The  vertebrie  differ  markedly  from 
those  of  either  of  the  above  mentioned 
genera  in  the  much  greater  length  of 
centrum  and  in  the  low  neurapophysis 
in  contrast  with  the  very  high  spine  of 
an  approximately  eqiiivalent  vertebra  of 
the  recent  form.  The  proportions  of 
the  vertebral  centra  are  more  nearly  pio.  4.  (Ninth  doreal 
thoeeof /ntaagain,  though  in  that  genus  vertebra,  left  aspect.  % 
the  ncntral  spine  is  much  higher,  ".''■  ^^-     ^""p-  '™p™»- 

*ThiB  ia  not  a  jaat  meaaoreinent,  for  the  vertebra  are  slightl;  displaced. 
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Mtaaurtment*  of  bursal  .'/A' 

Dftphinana      Delphinia 
Cat.  No.  Cat.  No. 

10040  365 

Length  of  centrum 38  """  23  ""° 

Height  of  centrum,  poflterior  end 3t-8  39'S 

Tutal  height,  including  neural  Rptne . .  44- 1  1 10 

Ribs. — Twelve  pairs  of  ribs  are  preserved  in  tlie  specimeD, 
of  which  Ht  least  fonr  paire  were  donble-headed,  in  compariaon 


with  five  in  Didelphis  and  six  in  Phocama.  It  eeems  hardly 
possible  that  in  this  regard  the  ancient  type  is  more  specialized 
than  Delphinus,  while  in  every  other  respect  in  which  they  do 
not  agree  the  reverse  is  true.  The  ribs  are  qnite  comparable 
to  those  of  Delphinua  in  proportions  and  general  curvature. 


Meatiirementa  of  the  ribg. 


Dtlphinatui 
Cat.  No. 

10040 


Length  of  first  rib,  measured  along  the  chord    90'°'° 
Length  of  fourth  rib 200 
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The  torso  of  the  fossil  form  was  evidently  fully  aa  long  and 
deep  as  that  of  the  dolphin  used  for  comparison,  though  the 
skull  of  the  latter  is  materially  larger. 

■Sfernwffi.— There  are  two  impressions  not  far  removed  from 
their  normal  position  which  I  take  to  be  those  of  two  coalesced 
and  one  isolated  sternebvEe.  The  outlines  are  very  vague  in 
each  instance  but  the  anterior  one  seems  to  differ  very  mark- 
edly from  that  of  Delpkinus  and  to  resemble  more  nearly  that 


Fio.  7,  Bigbt  pectoral  limb.  }^  uat.  siw.  ac,  acromion  process  ;  cor, 
coracoid  process ;  cun,  cnneiform  ;  h,  hnmeras,  aolerior  aspect ;  ha,  Imme- 
mg,  internal  aspect  \  I,  lunar  ;  m.  mai^am  ;  mcp,  metacarpal ;  p.  phalani ; 
r,  rsdins;  i,  Bcapnla ;  se  1,  iBcaphoid  ;  ft,  t  trapezoid  ;  u,  nlna  ;  unc,  Dnoi- 
form.     Drawn  from  the  impreaaion. 

of  Plataniata.  The  difference  is  mainly  in  the  greater  size  of 
the  element  in  the  foasil  and  in  its  siinplicity  of  ontline.  The 
anterior  margin  has  a  simple  semicircular  notch  about  one-third 
the  width  of  the  entire  bone,  whereas  in  DelpMnus  the  notch 
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liae  become  converted  into  a  foramen  throngh  the  donine 
together  of  the  anterior  margins.  In  Dalphinna  the  lateral 
edges  of  the  anterior  sternal  are  prolonged  into  ontward  and 
backward  projecting  comua,  while  in  the  other  there  are 
Bimple  rounded  anglee  in  their  place  and  the  width  of  the 
eternal  posterior  to  them  is  relatively  much  greater. 

MeaeuremenU  of  the  atemum. 

Dtlphinmmt        DelphiKui 
Cut.  No.  Cat.  No. 

10040  S66 

Length  of  Btemats  1  and  2 120""°  124'0"> 

Greatest  breadth 70  84 

I  cannot  poeitivelj  identify  sternal  ribs  in  the  foesil. 

The  Appsndicdlab  Skelbton. 

Both  paddles  are  preserved,  that  of  the  right  side  almost 
entire,  the  left  more  or  lees  occluded  by  tlie  eknil  but  supply- 
ing certain  details  lacking  in  the  other  due  to  the  orientation 
of  certain  of  the  bonee,  notably  the  liumerus. 

The  limb  is  essentially  delphinoid,  showing  apparently  the 
same  reduction  of  digits,  but  differing  mainly  in  the  more 
primitive  character  of  the  individual  elements.  In  so  far  as  it 
IB  preserved,  the  limb  is  of  approximately  the  same  size  in 
botli  modern  and  fossil  forms. 

Scapula. — The  scapula  is  less  widely  expanded  than  that  of 
Delpniniis,  otherwise  the  two  are  very  enggestive  of  one 
another.  In  the  fossil  the  horizontal  extent  of  both  coracoid 
and  acromion  processes  cannot  be  ascertained;  they  are,  how- 
ever, similar  in  the  extent  of  their  origin  to  those  of  J}elphi- 
nu8.  The  prescapular  fossa  seems  to  have  been  relatively 
greater  in  the  ancient  type, 

Humei-us. — The  ratio  of  humerns  to  radius  is  much  greater 
in  the  fossil,  as  one  would  be  led  to  infer  in  the  case  of  the 
more  primitive  form.  The  hnmeroe  is  also  relatively  more 
slender,  but  has  much  the  same  general  outline  as  in  Delphi- 
nu8,  except  that  the  tuberosity  projects  slightly  above  tfae 
head  and  has  a  lesser  transverse  extent.  A  famt  indication  of 
the  capitular  epiphysis  may  be  seen  in  the  fossil,  practically 
the  only  indication  of  one  in  the  entire  skeleton.  The  right 
humerus  presents  the  impression  of  its  posterior  aspect,  while 
the  left  is  viewed  from  without.  The  latter  shows  the  charac- 
ter of  the  distal  facets,  each  of  which  is  planoconcave,  the 
curved  axis  lying  in  the  transverse  plane.  The  radial  facet  ia 
the  greater,  as  in  Delphinus. 

J'orearm. — The  forearm  presents  perhaps  the  greatest  diverg- 
ence in  the  two  forme  of  any  part  of  the  limb,  for  instead  of 
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being  nearly  parallel  as  in  DelphiMU^  the  two  bones  are  sepa- 
mted  by  a  wide  lenticular  space,  the  carved  line  of  the  radms 
being  particularly  noticeable.  In  ttie  ulna  the  olecranon  is 
better  developed  but  simple  in  outline. 

Hand. — The  carpua  ie  essentially  alike  in  both  genera,  but 
here  a^in  the  fossil  is  the  more  primitive  in  that  the  magnum 
is  represented  by  a  well-detiDed  lenticular  bone  lyine  at  the 
proximal  end  of  metacarpal  III ;  whereas  in  the  specimen  of 
Deipkinus  used  for  comparison,  it  is  reduced  to  a  tiny  nodule 
closely  adpressed  aj^ainst  the  unciform  and  visible  only  from 
the  inner  aspect  of  the  wrist.  Its  position,  however,  is  exactly 
the  same  in  each  form.  In  the  fossil  the  bones  of  the  anterior 
side  of  the  carpus  have  been  displaced,  but  their  identity 
seems  fairly  certain. 

The  metacarpals  show  much  the  same  proportions  in  each 
genus,  but  the  preserved  phalanges  are  relatively  longer  and 
more  slender  in  the  fossil,  no  separate  phalangeal  epiphyses  being 
discernible.  The  digital  reduction  has  gone  further  in  the 
modern  type,  as  evidenced  by  the  proximal  phalanx  of  digit 
IV,  which  is  a  much  better  developed  bone  in  the  fossil. 

Measurements  of  the  pectoral  limb. 

Delphinavta  DttpKinut 

Cat.  No.  10040  Cat.  No.  869 

Scapula,  height  lOS-"  104— 

"         breadth 146  160 

Humerus,  length 60  60 

"          proximal  breadth 37  49 

"          ant.-post.  diameter,  distal  end.     31-5  3S'5 

"          transverse      "          mid  shaft.     19*5  24 

Kadius,  length «7-3  84 

"        diameter,  proximal  end 25  28-5 

"             "         distal  end 33  37-5 

Ulna,    length 71-5  72 

"       diameter,  proximal  end 26'6  30 

"            "         distal  end 26  27 

Metacarpal  III,  length 20  32 

"            "    breadth  of  shaft 11  14 

Digit  HI,  Ist  phalanx,  length 19-5*  2r6t 

"       "     2d        "            "        11-5  17 

"        "     3d         "             "         08  13 

Length  of  digit,  inc.  metacarpals,  estimated   80  100 

"      "  entire  limb,  inc.  scapula,      "        320  360 

Summary. 

The  specimen  under  consideration  is  clearly  a  dolphin  allied 

to  Delpninua  and  hence  of  the  family  Delphinidte.     It  com- 


*Ni>  epiphjMS  nor  Brticnlar  cartilages  indicatsd,  bnt  bones  ai 
f  luoliidiDg  epipbysee,  bones  in  contact. 
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pares  favorably  with  the  dolphins  of  this  genus  in  point  of 
size,  proportion  of  rostrnm  to  cranium,  in  dental  formula,  char- 
acter of  tlie  dentition,  in  having  approximately  the  same  num- 
ber of  double-headed  ribs,  and  in  the  general  character  of  the 
pectoral  limb,  more  especially  of  the  manus. 

The  contrasts  are  in  practically  every  instance  due  to  the 
more  primitive  character  of  the  fossil,  and  I  fail  to  recognize 
one  which  would  debar  the  more  ancient  type  from  a  direct 
ancestry  to  Detphinua  delphia  lis^M.  To, sum  up  these  con- 
trasts, they  are:  In  the  skull,  the  straighter,  more  nearly  ver^ 
tical  occiput,  the  minor  proportions  of  the  individnal  cranial 
elements,  the  more  robust  zygomatic  arch,  the  lees  expanded 
maxillary  plate,  and  the  more  broadly  expanded  and  powerful 
rear  portion  of  the  lower  jaw.  The  cervical  vertebrs,  in  so  far 
as  may  be  learned,  differ  mainly  in  the  lack  of  fusion  of  atlas 
and  axis  in  the  fossil  and  the  somewhat  greater  collective 
length  of  the  entire  series.  The  dorsals  are  much  longer  in 
cantmm  and  lower  in  the  height  of  the  neural  spine,  while  the 
number  of  double-headed  ribs  in  the  two  specimens  is  appar- 
ently four  for  the  fossil  and  five  for  the  recent  type,  the  only 
instance  wherein  the  former  seems  to  be  more  specialized,  and 
this  may  be  due  to  lack  of  perfection  of  the  fossil. 

The  sternum  of  the  older  form  is  simpler  and  more  general- 
ized, bat  easily  modified  into  the  modem  type.  In  the  limbs, 
the  contrasts  lie  in  the  less  widely  expanded  scapula,  relatively 
longer  humerus,  wide  lenticular  space  separating  the  radius  and 
ulna,  and  in  the  simpler  form  of  the  olecranon  in  the  fossil. 
In  ^e  carpus  the  magnnm  is  retatirely  large,  while  in  the 
recent  type  it  is  vestigial.  The  phalanges  are  relatively  longer 
in  the  ancient  type. 

The  degree  of  evolution  of  the  two  dolphins  is  doubly  inter- 
esting when  compared  with  the  advance  manifest  in  the  same 
lengtu  of  time  in  certain  terrestrial  families,  notably  the  horses. 
It  points  to  the  early  adaptation  of  the  Cetacea  to  their  aqnatic 
habitat  and  their  slow  subseqnent  evolution,  which  amounts,  in 
this  instance,  merely  to  the  adjustment  of  certain  minor  details, 
some,  83  in  the  jaw  power,  along  the  line  of  degeneracy,  others 
mainly  for  the  perfection  of  speed. 

This  evolution  shows  the  impelling  force  of  topographical 
changes  on  the  land,  which  not  only  directly  modify  the  animal 
form  and  motor  organs,  but  also,  through  iniluencing  climate 
and  thereby  vegetative  life,  necessitate  new  adaptations  on  the 
part  of  terrestrial  animals  or  the  elimination  of  those  forms 
which  cannot  thus  change.  All  of  this  passes  harmlessly  over 
the  bead  of  the  cetacean,  which  can  migrate  when  the  waters 
become  too  cold,  and  upon  which  none  of  the  other  influences 
can  make  themselves  felt. 
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Art.  XVI. — Note  on  the  Oceurrence  of  the  Oriskany  For- 
mation on  Parlin  Stream,  Maine;  \y  L.  V,  Pirsson  and 
Chables  Sohhohert. 

The  iTtuteriat  which  is  the  subject  of  this  commuQication 
was  collected  by  one  of  the  writers  {L.  V,  P.)  while  traversing 
this  portion  of  Maine  with  his  guide,  and  as  Oriskany  fossils 
occur  here  it  has  seemed  worth  while  to  put  this  on  record  and 
give  a  list  of  the  species  obtained,  together  with  a  mention  of 
the  exact  locality  and  some  additional  observations  which  may 
be  of  future  service  in  the  study  of  the  geology  of  this  part  of 
the  state. 

Parlin  Stream  is  the  outlet  of  Lake  Parlin,  which  lies  20 
miles  southwest  of  Moosehead  Lake,  where  Oriskany  fossils 
have  long  been  known  to  occur. 

While  the  mere  crossing  of  a  country  which  is  so  heavily 
forested,  as  is  this  portion  of  Maine,  affords  little  opportunity 
to  gain  much  idea  of  its  geology,  the  following  facts  were 
observed,  in  relation  to  this  occurrence. 

The  fossils  were  found  in  loose,  angular  blocks  of  a  much 
indurated  shale  or  shaly  sandstone  of  a  dark  green  to  brown 
color,  weathering  with  a  blackish  chocolate-brown  crust. 
They  are  seen  on  exposed  bedding  planes  of  the  firmer  mate- 
rial or  in  more  weathered,  cavernous,  sandy  fragments  and  they 
constitute  a  great  part  of  the  rock  mass,  like  the  so-called  shell 
limestones  of  other  places.  These  blocks  occur  on  the  west 
side  of  the  large  pool  immediately  below  the  partly  burned 
lumbering  dam,  abont  a  qnarter  of  a  mile  above  the  falls  on 
Parlin  Stream.  The  locality  is  about  two  and  a  half  miles  from 
the  ontlet  of  Parlin  Lake.  This  same  locality  was  collected 
from  by  Gilbert  van  Ingen  in  1889  (Bull.  U.  S.  Geol.  Surv. 
165,  1900,  p.  89). 

The  country  in  this  locality  is  composed  of  heavily  bedded, 
much  indurated,  or  metamorphosed,  strata  which  have  been 
upturned.  At  Parlin  Falls  there  is  a  good  exposure  of  the 
beds.  The  falls  are  made  by  the  stream  passing  downward 
over  the  inclined  back  of  a  heavy  resistant  bed.  At  this  point 
the  strata  have  a  general  east  and  west  strike  and  dip  north- 
ward at  a  considerable  angle,  perhaps  45°.  Helow  the  falls 
the  stream  has  cut  a  very  respectable  canyon,  whose  exposures 
should  afford  a  good  opportunity  for  stndy  of  the  formation. 
All  the  exposures  weather  with  the  blackish  crnst  mentioned 
above. 

While  the  material  containing  the  fossils  was  not  observed 
in  place,  it  is  quite  certain  from  considerations  of  the  local 
geology  seen  that  it  belongs  in  its  immediate  neighborhood, 
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and  had  Buffered  little  transport.  This  is  shown  by  the  abund- 
ance of  bloclce,  their  large  size,  angular  shapes,  unworn  condi- 
tion and  characteristic  resemblance  to  tlie  nearby  rocks  in 
place.  It  is  presumed  that  they  represent  the  debris  of  broken 
down  beds  of  the  immediate  vicinity.  The  supposition  that 
the  blocks  are  local  in  origin  is  further  supported  oy  the  rather 
noticeable  absence  in  this  neighborhood  oi  the  coarser  material 
of  glacial  transport.  Glacial  sands  and  gravels  containing  peb- 
bles or  very  small  bowlders  are  common,  and  in  inorainal  forms, 
as  in  drnmlins,  etc.,  are  ratber  frequent  topographic  features, 
but  the  larger  glacial  erratics,  which  are  so  striking  a  feature 
of  the  region  farther  south,  were  not  observed  in  the  stream 
beds,  on  the  lake  shores,  or  in  other  places  where  erosion 
might  have  brought  them  to  the  surface. 

Toward  the  lower  end  of  Lake  Parlin  there  is  a  large  intru- 
sive mass  of  trap  rock.  It  is  exposed  in  outcrops  on  the  road  ; 
large  bowlders  of  it  are  seen  along  the  lake  shore,  and  massive 
outcrops  at  several  places.  It  rises  into  Parlin  Moantain, 
where,  as  it  was  found  at  the  north  end  and  on  the  trail  to 
Long  Fond  as  it  winds  about  the  mountain,  it  is  inferred  that 
it  forms  the  main  upper  portion  of  this  eminence.  No  con- 
tacts were  seen  and  its  intrusive  nature  is  inferred  from  the 
size  and  position  of  the  mass,  the  nature  of  its  jointing,  and 
the  petrographic  characters  of  the  rock.  On  a  fresh  surface  of 
fracture  it  is  a  dark  gray  to  green  and  of  uniform  and  fine  tex- 
ture. Examination  in  thin  section  shows  that  it  is  a  greatly 
altered  diabase.  Originally  it  consisted  of  plagioclase  and  a 
brownish  augite  with  accessory  iron  ore  and  apatite,  with  occa- 
sional very  line,  delicate  micrograpliic  intergrowths  of  quartz 
and  orthoclase  tilling  interstices  between  the  plagioclases.  The 
structure  was  the  characteristic  ophitic  one,  but  the  proportion 
of  plagioclase  to  augite  was  large,  making  the  rock  one  of 
feldspathic  type. 

From  this  condition  the  rock  has  been  greatly  altered  ;  the 
augite  has  been  changed  into  chloritic  substance,  which  pre- 
serves the  outlines  of  the  ophitic  fillings  between  the  feldspars 
and  contains  in  a  few  places  still  unaltered  pieces  of  tlie 
unchanged  augite.  "While  this  cbloritic  substance,  for  the 
most  part,  appears  of  the  nature  of  ordinary  green,  pleochroic 
chlorite  with  low  double  refraction,  it  contains  frequent  minnte 
bundles  of  radiant  fibers  of  a  more  yellowish  color  and  with 
rather  high  double  refraction,  which  is  suspected  to  be  an  iron- 
bearing  serpentine.  Some  separated  silica  also  is  seen,  hot  no 
formation  of  any  carbonate  was  observed. 

The  feldspars  are  also  altered  and  the  original  albite  twin- 
ning so  much  obscured  or  obliterated  that  their  character  can- 
not be  accurately  determined,  but  they  are  thought  to  be 
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andeBiDe-lftbradorite.  Tliey  are  also  tilled  with  infiltrated 
chloritic  substauee.  The  iron  ore  is  changed  to  lencoxene  and 
the  apatite  and  micrographic  intet^rowths  are  the  only 
unchanged  constituents.  The  rock  hnally  weathers  with  a 
brown  emit  of  limonitic  material.  The  mass  ie  a  large  one 
and  must  be  a  prominent  factor  in  the  structure  of  the  local 
geology. 

Thefossilscolleeted  bj'Mr.andMrs.  PiresononPariin  Stream 
are  from  the  Moose  Giver  sandstone,  one  of  the  Oriskanian 
formations.  The  iirst  good  geologic  account  of  this  region 
dates  back  to  1861,  when  Charles  H.  Hitchcock  determined 
the  Oriskany  sandstone  here.  In  1889,  Van  Ingen  collected 
fossils  along  Parlin  Stream  for  H.  S.  Williams,  and  in  1905 
0.  O.  Nylander  gathered  other  material  for  John  M.  Clarke, 
The  latter  has  brought  together  all  that  ie  known  about  the 
Oriskanian  of  this  area  in  his  work,  "Early  Devonic  History 
of  New  York  and  Eastern  North  America"  (Mem.  9,  N.  Y. 
State  Mus.,  1909,  pp.  52-90,  pis.  12-21). 

Below  is  given  an  annotated  list  of  the  Oriskanian  foBsils 
from  Parlin  Stream,  jnst  below  the  old  dam  above  the  falls, 
Somerset  County,  Maine,  collected  by  Mr.  and  Mre.  Pirason. 

Bracbiopooa. 

Phoiidops  terminalis  Hall.    Two  specimens. 

Dalmanelta  drevermannt  Clarke  7    Two  small  specimens. 

Vhonoatrophia  dawaoni  (Billings).     One  large  and  two  young 
specimens. 

Leptocoeliajlabellftet  (Conrad).     Common. 

Spirifer  pir»aon(B,  n,  sp, 

Clarke  did  not  name  this  form,  but  has  it  from  Telos 
Lake  dam,  and  Moosehead  Lake,  7  miles  north  of  Kineo. 
He  states  that  the  form  i»  common  and  that  he  thinks 
it  "will  prove  unlike  any  known  to  us."  The  interior 
resembles  very  much  the  common  Oriskanian  guide 
species,  8.  mvrchitoni,  bnt  as  all  of  the  specimens  are 
mature,  never  attain  to  one-half  the  size  of  S.  murchi- 
loni,  and  have  a  smaller  number  of  plications,  it  is 
here  proposed  to  name  the  new  form  S.  piresonm,  after 
Mrs.  Pirsson,  who  collected  and  presented  to  the  Pea- 
body  Museum  of  Yale  University  an  abundance  of  nat- 
ural moulds.  Further,  the  six  plications  on  each  side 
of  the  fold  and  sinus  never  attain  the  prominence  or 
angularity  of  those  in  S.  murchisoni.  The  species  is 
based  on  the  cotypes  figured  by  Clarke  in  the  work  cited 
on  Plate  20,  Figures  9-12. 
Spiri/er,  n.  sp. 

This  common  species  gives  the  impression  of  being 
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otosetj  related  to  S.  pirixotus,  but  although  both  are 
fimbriate  Spirifers,  thej  are  clearly  of  different  stocks. 
The  two  forma  are  not  aBBOciated  iii  the  aame  layers.  The 
specieB  under  dinviiBsion  w  more  quadrate  than  the  fore- 
going one,  has  a  narrower  ventral  cardinal  area,  and 
therefore  is  also  lees  thick  shelled  and  less  rostrate  in 
these  parts.  It  differs  chiefly,  however,  from  S.  pin- 
nonce  in  having  a  wider  and  more  flabellate  ventral 
muscle  field.  As  the  material  is  hardly  good  enough  to 
figure,  the  form  is  left  unnamed  for  the  present. 

Meriatella  lata  (Hall)  ?    A  single  much  squeezed  example. 

Retiaselosria  callida  Clarke.  Rare,  and  much  smaller  than 
the  original  material. 

Gastbopoda, 

I'lectonotus  derbyi  Clarke.     One  specimen. 
Tropidodisctia  obex  C'laike.     One  Bpecimen. 

Yale  University,  New  Haven,  Coud,,  Dec.  1913. 
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Akt.  XVII. — The  Upper  Devonian  Delta  of  the  Appalaohian 
Oeosyndine  ;*  by  Joseph  Basbell. 

Pabt  ni.    The  Relatiotts   of  the   Delta  to    Appalaohia. 

IntrodDctioa  andsammary.. 22S 

IndicaCiona  given  b;  tha  strata  of  former  eztansion S36 

Fannal  relationships  and  the  possible  aeawayB 226 

Character  of  the  sedimenCs  of  the  marginal  ontoropB.  229 

Bate  of  thinning  at  the  present  margins 2S1 

Evidenca  from  the  Qraen  Pond  Mountain  region 284 

BelatJoQB  of  piedmont   graTela  to  climatic   and    ciastal 

movementB 289 

Volume  and  sooroei  oE  Upper  DoTOuian  sediment.. 24S 

Idck  of  relation  of  Appalachia  to  the  continental  shelf  __  217 
The  control  bj  the  continental  ehelf  on  paleogeo- 

graphic  mapa 847 

Braadth  oE  AppaUcbia  implied  by  the  Tolnme  of  eedi- 

mantB 348 

The  shelf  a  terrace  of  post-Faleozoio  oonslrootion 249 

The  ocean  basins  widened  by  continental  fragmenta- 
tion   258 

Conolnaion  on  Appalachia  in  the  later  Paleozoic 8S8 

IntBODITCTION    and   SnUMARY. 

The  descriptioDB  of  the  significant  formations  and  the  inter- 
pretations p^iven  in  the  first  part  upon  the  delta  and  its  rela- 
tioDH  to  tlie  interior  sea  follow  present  well-linown  paths  of 
geologic  thonght,  but  the  search  eastward  and  northward  for 
the  original  boundaries  involve  interpretations  which  are  mnch 
less  customary, — interpretations  in  fact  which  are  contrary  to 
those  which  have  prevailed.  A  preliminary  consideration  was 
therefore  necessary  in  the  second  part  on  the  factors  control- 
ling the  present  limits  of  the  strata  and  the  lack  of  relationship 
to  the  original  boundaries.  This  has  prepared  the  ground  for 
the  development  of  the  conclusions,  resting  in  part  upon  evi- 
dence, in  part  upon  theory,  as  to  approximately  what  those 
original  limits  were,  as  shown  in  tig.  1  .f  The  subject  leads 
up  also  to  the  relations  of  the  delta  to  Appalacbia  and  the 
information  which  is  given  thereby  as  to  the  ctiaracter  of  that 
ancient  land. 

Briefly,  the  lines  of  argument  are  as  follows:  The  marine 
fauna  of  the  interior  sea  shows  a  connection  eastward  aronud 
Appalacbia  and  implies  a  far  extension,  possibly  to  the  south, 
but  more  probably  to  the  north,  of  strata  long  since  broadly 
uplifted  and  eroded.  The  character  of  the  sediments  and  the 
rate  of  thinning  at  the  present  margins  point  to  the  same  con- 
clusion of  a  northward  extension.     The  same  lines  of  evidence 

■Continnedfrom  thiBJonmal(4),  zixvii,  pp.  67  to  109,  1914. 

t  Pobliehed  on  p.  480,  part  I,  Nov.  191ii,  and  on  p.  89,  part  U,  Jan.  1914. 

Ah.  Jotni.  Sd.— FouKTH  Sutias,  Vol.  XXXVII,  No.  219.— JIabch,  1914. 
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show  that  on  the  east  not  only  did  the  strata  once  extend  many 
tens  of  miles,  bnt  that  the  sources  of  erosion  were  not  nearby. 
The  evidence  contained  in  the  formations  of  the  Oreen  Fond 
Mountain  outlier  shows  that  the  Upper  Devonian  depoeiti 
were  there  of  flnviatile  origin  and  of  materials  hroufi;ht  from  a 
distance.  The  structure  as  well  as  the  composition  point  to 
-  the  present  eyncline  being  a  mere  fragment  of  the  original 
deposit,  downfolded  and  downfaulted,  and  thereby  preserved 
from  erosion.  The  Green  Fond  Hoantain  axis  was  conae- 
quently  not  an  isolated  bay  but  its  sediments  were  originally  a 
part  of  the  general  Paleozoic  mantle  thinning  to  the  eastward 
and  in  that  direction  were  commonly  of  coarser  textnre.  In 
the  Upper  Devonian  it  was  part  of  a  broad  piedmont  gravel 
plain,  a  continental  bajada  of  tow  grade  skirting  the  monntaJna 
of  Appalachia;  a  gently  inclined  and  graded  plain,  sensitive 
to  cliraatio  and  diastrophic  changes. 

Following  this  part  on  the  tSiaracter  and  original  limita  of 
the  Upper  Devonian  sediments,  is  given  a  discussion  of  the 
volume  and  sources  of  the  material.  It  is  concluded  that 
Appalachia  was  not  confined  to  the  limits  of  the  present  conti- 
nental shelf.  The  shelf  in  fact  is  to  be  regarded  as  in  consid- 
erable part  an  aggradational  terrace  built  out  in  post-Jurasete 
time.  The  foundations  of  Appalachia  are  boried  some  thon- 
iandi  of  feet  beneath  it,  extend  beyond  it,  and  doubtless  slope 
graduallv  for  an  unknown  distance  toward  and  beneath  tiie 
baain  ot  the  Atlantic  Ocean.  In  Upper  Devonian  times  the 
mountains  which  rose  above  these  fonndations  stood  on  the 
eastern  side  of  the  Appalachian  system. 

IlTDIOATIONS   GiVBH  BT  THS  StRATA   OF  FoBMBB  BxTBHSIOH. 

Faunai  SeltUionthipa  and  the  Pottible  Seawaj/a. 

According  to  Scbnchert,  the  Upper  Devonian  faunas  of  the 
Appalachian  geosyncline  show  a  connection  with  the  Atlantic 
province  and  in  his  Faleogeography  he  has  located  a  strait 
across  northern  Kew  Jersey  as  the  channel  of  ingress.*  The 
existence  of  an  Upper  Devonian  seaway  in  this  locality,  how- 
ever, seems  impossible.  In  the  first  part  was  developed  the 
evidence  showing  that  the  Upper  Devonian  of  this  region 
must  be  regarded  as  continental  in  origin.  Furthermore  the 
sediment  appears  to  have  come  from  lands  in  this  direction. 
In  the  search  for  an  available  connection  with  the  north 
Atlantic  faunas  we  must  look  for  a  passage  around  either  the 
southern  or  northern  end  of  Appalachia.  A  southern  route 
would  not  be  a  direct  one  for  the  migration  of  North  Atlantic 
•  Boll.  Qeol.  Soc.  Am.,  xi,  p.  04S,  pi.  77,  1910. 
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fannas.  Eastern  Dplands  enpplying  waste  seem  to  hare  existed 
as  far  eoatb  as  the  latitude  of  vir^nia  and  a  more  Bonthwest- 
ern  passage  wonid  have  apparently  made  it  easier  for  sonthern 
or  interior  fanoas  to  invade  southwestern  New  York.  The 
postulation  of  a  northeastern  route,  on  the  other  hand,  has  the 
objection  that  Upper  Devonian  strata  are  unknown  in  the  Upper 
St.  Lawrence  valley.  Moreover,  the  Middle  and  Upper  Devonian 
deposits  which  exist  in  Gasp^  are  all  or  nearly  all  of  conti- 
nental origin,  except  at  the  base  of  the  Middle  Devonian. 
This  evidence  or  lack  of  evidence  does  not  exclude,  however, 
the  possibility  of  the  existence  in  the  Upper  Devonian  of  a 
shallow  eeaway  over  the  Saint  Lawrence  valley  or  even  farther 
northwest,  mantling  the  margin  of  the  Canadian  Shield. 

The  GaspS  sandstone  of  Middle  Devonian  and  early  Upper 
Devonian  age  shows  thick  outcrops  eroded  toward  the  north. 
The  cmcial  qneation  here  is  whether  the  sediments  came  from 
the  north  or  south.  If  from  the  north,  then  a  Middle  Devo- 
nian aea  could  not  be  supposed  to  have  existed  in  that  direction. 
If  from  the  south,  the  Gaep6  sandstone,  like  the  Catskill  of 
Pennsylvania,  may  have  been  a  delta  deposit  built  from  the 
sonth  and  facing  a  shallow  sea  to  the  north.  Above  an  uncon- 
formity, the  Bonaventnre  formation,  latest  Devonian  and  ear- 
liest Mississippian  in  age,  on  the  eastern  shores  of  Gasp^,  is 
regarded  by  John  M.  Clarke  as  a  shore  conglomerate.  In  view 
of  the  crnstal  disturbances  which  affected  the  Maritime  Frov- 
inoee  in  the  Upper  Devonian,  sach  a  sea  seems  as  likely  to  have 
entered  from  the  north,  the  region  of  little  disturbance,  as  from 
the  east  or  south,  the  region  of  erogenic  and  igneons  activity. 

The  Devonian  seas  extended  much  farther,  in  some  cases  at 
least,  than  the  remaining  outcrops  indicate.  The  a^loinerates 
connected  with  the  intrusions  of  the  Monteregian  Hills  show  on 
St.  Helen's  Island,  opposite  Montreal,  fossitiferons  masses  of 
Belderbergian  and  Oriskanian  limestones.  The  highest  local 
rocks  are  Ordovician,  and  the  nearest  outcrops  of  these  Devo- 
nian horizons  are  more  than  a  hnndred  miles  distant.  The 
mixing  of  inclusions  in  the  volcanic  pipes  has  carried  material 
some  thonsands  of  feet  upward  from  the  pre-Cambrian  base 
and  mixed  it  with  other  material  carried  several  thousands  of 
feet  downward  from  formations  now  completely  removed  from 
the  region.* 

The  accidental  preservation  of  these  fragments  through 
sach  nnnsQal  means  suggests  how  widely  certain  seas  may 

•ChM.  Sahnohert,  Am.  Qeologist,  iiTil,  345-2S8, 1901.  H.  3.  WilUami, 
Tniu.  Royal  Soo.  Canada.  3d  S«r.,  lit,  Sec.  IV,  20S-346,  1910.  Robert 
Hanie,  Trana.  Royal  Soc.  Cauoda,  8d  Ser.,  iii,  Sao.  IT.  240-309.  1010. 

The  evldenoe  oE  this  locality  and  its  Important  bearing  on  ths  prinoiplea 
of  paleogeognphy  were  called  to  the  writer'e  attention  by  Professor  J.  A. 
Bancroft. 
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have  extended  beyond  the  preeent  outcrops  of  their  atrata  id 
cases  where  the  strata  do  not  show  internal  evidence  of  the 
proximity  of  a  shore.  On  the  other  aide  of  the  argument, 
although  several  masses  of  Lower  Devonian  aee  have  thus 
been  preserved,  none  from  the  tipper  Devonian  has  been 
found. 

As  similar  testimony  from  aoother  ref^ion,  attention  ahould 
be  called  to  the  observutions  by  Weller  regardius  the  acciden- 
tal preservation  of  a  late  Upper  Devonian  faaua  in  a  fiaenre  in 
Silurian  limestone  near  Chicago.*  The  nearest  known  Upper 
Devonian  strata  occar  80  miles  north  and  130  miles  west,  but 
even  these  beds  appear  to  be  somewhat  older  than  the  filling 
of  the  fissure.  The  nearest  place  where  Devonian  strata  form 
the  surface  rock  is  probably  under  the  heavy  drift  in  north- 
western Indiana. 

The  Lanreotian  province  was  not  involved  in  the  vigorons 
Upper  Devonian  monntain-making.  Nor  were  these  move- 
ments marked  by  a  wide  withdrawal  of  seas  from  t)ie  more 
quiet  areas.  Over  such  a  region  as  that  north  of  the  St.  Law- 
rence valley  shallow  ocean  water  may  have  spread  conaeqaently 
to  a  considerable  distance.  The  strata,  if  they  once  existed, 
have  not  been  preserved  by  infolding  nor  by  the  downfaulting 
which  has  protected  remnants  of  some  older  Paleozoic  forma- 
tions within  the  Lanrentian  Plateau ;  but  such  facts  as  those 
cited  show  the  p43ssibility  of  the  extension  of  shallow  seas  over 
lands  not  subjected  at  the  time  to  uplift ;  and  the  later  oblit- 
eration of  the  sedimentary  evidence  upon  regional  elevation 
followed  by  prolonged  erosion. 

Professor  Schucliert  has  pointed  ont  to  tlie  writer,  however, 
that  in  the  late  Silurian  the  bay  faunas  of  that  time  ap[»ear  to 
have  been  distinct  from  each  other  in  New  York  ana  in  the 
Maritime  Provinces.  Of  the  latter  region,  however,  bat  little 
is  known.  A  more  declaredly  marine  facies  appears  further- 
more in  the  Great  Valley  Province  of  the  Appalachians,  suggest- 
ing that  tlie  sea  lay  in  that  direction,  a  strait  opening  either 
across  New  Jersey  or  farther  south ;  but  that  no  connection  is 
probable  tlirough  the  Saint  Lawrence  Valley.  He  has  called 
attention,  however,  to  the  Monroe  problem  of  Graban,  the 
strata  near  Detroit  holding  a  fauna  seemingly  unrelated  to  the 
other  faunas  of  the  period,  and  which  may  nave  entered  from 
the  north.  Although  Schuchert  and  the  writer  are  agreed  as 
to  the  general  improbability  of  waterways  crossing  the  trends 
of  mountain  structures  in  times  of  erogenic  activity,  there 
seems  to  be  no  incompatibility  of  their  crossing  after  long 
periods  of  erosion,  and  due  to  broad  warpings  or  local  down- 
sinking.  Such  relations  are  especially  possible  when  tliey 
•Jour.  Oeol..  vii,  483-488,  18W. 
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antedate  the  chief  period  of  moaatain  bnilding.  SucceBsive 
periods  of  erogenic  activity  seem  in  general  to  extend  and  weld 
together  axes  of  movement  which  were  previously  more  or 
less  separate.  A  mountain  barrier  in  the  Upper  Devonian 
in  this  region  is  therefore  not  evidence  against  a  tranererse 
straitin  the  late  Silurian  provided  the  faunas  of  the  tatter  period 
indicate  ite  probability. 

In  regard  to  the  Hamiltoo  epoch  of  the  Middle  Devonian, 
an  Atlantic  passage  should  be  looked  for  however  rather  to 
the  south  of  New  Jersey,  or  else  along  the  northwestern  side 
of  the  8aint  Lawrence  axis.  It  is  seen  that  there  is  no  positive 
evidence  as  to  either  connection ;  the  southern  seaway  would 
be  the  shorter  to  the  present  ocean,  bat  in  the  latter  part  of 
this  paper  the  evidence  is  presented  which  suggests  that 
Appalacbia  was  of  considerable  breadth  and  the  Devonian 
Atlantic  was  not  so  near.  Furthermore  in  the  Upper  Devo- 
nian the  sedimentary  evidence  is  more  positive  that  marine  con- 
nections could  not  have  existed  north  of  Virginia,  probably  not 
north  of  North  Carolina. 

This  problem  of  the  relationships  of  the  fauna  of  the  Che- 
mung sea  and  its  connection  with  the  Atlantic  province  is 
really  not  a  vital  part  of  the  problem  of  the  Upper  Devonian 
delta  and  may  be  left  in  this  indeterminate  state.  It  has  been 
dealt  with  so  far  as  it  is  necessary  to  show  that  other  connec- 
tions could  possibly  have  existed  besides  that  which  has  been 
postulated  as  crossing  New  Jersey.  The  latter  seeme  clearly 
disproved  by  the  whole  assemblu^e  of  evidence,  and  it  is  seen 
that  an  easier  line  of  ingress  may  be  conceived  along  the  north- 
western side  of  the  Appalachian  deltas. 

Character  of  the  Stdimenta  of  the  Marginal  Outcrops. 
Where  the  edges  of  the  upturned  folds  show  strata  many 
thousands  of  feet  in  thickness  as  in  Pennsylvania,  or  where 
almost  similar  thicknesses  of  uearly  horizontal  beds  remain  in 
mountains  of  circumdenndation,  as  in  the  Catskills  of  New  York, 
it  is  clear  that  in  most  cases  the  formations  mast  have  thinned 
out  gradually  beyond  their  present  limits.  The  only  exception 
is  found  on  the  borders  of  fault  troughs.  There  a  contmual 
raising  of  the  wails  and  a  simultaneous  settling  of  the  basin 
permits  a  deep  filling  of  debris  at  the  very  base  of  the  block 
mountains.  Such  a  condition  records  its  evidence  if  the  for- 
mations are  of  continental  nature,  by  talus  conglomerates  and 
alluvial  fans.  If  the  fault  movements  are  principally  of  pro- 
found subsidence  rather  than  of  uplift,  as  around  the  present- 
day  shores  of  Greece,  wave-formed  conglomerates  may  be  ex- 
pected to  mark  the  presence  of  tlie  shores,  passing  outward 
rapidly  into  comparatively  deep-sea  deposits.    In  the  formations 
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of  the  Upper  Devonian  of  the  Appalachian  geosyncline,  how- 
ever, the  eediments  on  the  eaetern  ooterop  are  alluvial  deposite 
of  rather  uniform  nature.  They  are  dominantly  Biliceoue  aand- 
Btoties,  argillaceuuB  sandBtonee,  Bome  conglomerates  of  fine, 
well-worn  gravel,  and  conBiderable  ehale.  There  ia  no  sharp 
change  near  the  preeent  margin.  The  aedimenta  therefore 
show  no  indication  of  an  immediate  sonrce  of  erosion.  If  the 
aiEe  and  abundance  of  pebbles  in  what  there  are  reasons  to  be- 
lieve were  once  continiiouB  alluvial  deposits  be  used  as  a  means 
of  tjstimatin^t;  relative  distances  from  the  sourcea  of  erosion,  it 
is  to  be  noted  that  in  the  Sknnnemunk  outlier  the  coarsest 
pebbles  of  the  conglomerate  lie  in  the  upper  part  of  the  for- 
matioQ.  They  are  well  water-worn,  of  qnartzite,  showing  mach 
previoQB  transportation  even  here,  and  range  from  six  to  eight 
mches  in  maximum  diameter.  The  averu^  pebbles  are  about 
half  this  size.  In  the  section  of  the  Catgkill  rocks  exposed 
from  the  town  of  Catskill  to  the  snmmit  of  High  Peak,  3660 
feet  elevation,  it  is  the  portion  at  2000  feet  and  above  to  the 
mountain  sammit  which  showR  notable  conglomerate  beds,  the 
pebbles  commonlv  ranging  from  1'6  to  2-5  mches  in  diameter. 
The  pebbles  are  largely  qnartzite.  The  soatheastem  ontcrop 
in  Scuuylkill  County,  Pennsylvania,  is  more  dominantly  sandy, 
less  conglomeratic.  The  pehbles  there  are  of  vein  quartz  and 
range  from  0*5  to  1*6  inches  in  diameter.  In  the  western  oat- 
orope  conglomerates  are  very  thin  and  fine-grained,  or  wanting, 
Theee  observations  are  not  along  the  same  section  and  are 
incomplete,  but  they  show  something  of  the  rate  of  disappear- 
ance of  gravel  at  distances  progresaively  greater  from  the 
source  of  supply.  They  suggest  that  even  the  easternmost 
outcrops  are  not  close  to  that  source. 

The  outlier  known  as  the  Keoeselaer  plateau  deserves  sepa- 
rate mention,  although  the  age  of  the  Kensselaer  grit  which 
constitutes  it  is  not  positively  Known  and  ib  more  likely  Middle 
rather  than  Upper  Devonian.  These  sediments  have  been 
described  in  the  first  part  of  this  article  (p.  448),  the  metaraor- 
phism  and  the  relations  to  the  Taconic  Range  in  the  second 
part  (p.  96).  Although  the  sediments  show  by  their  character 
and  variety  that  they  are  nearer  to  the  sources  of  erosion  than 
are  those  of  the  main  area  of  the  geosyncline,  they  do  not  show 
that  the  present  limits  of  the  Rensselaer  formation  hold  any 
direct  relation  to  the  original  boundary. 

The  previous  statements  have  referred  to  the  continental 
deposits  of  the  eastern  ontcropB  of  the  Upper  Devonian.  On 
the  northern  aide  of  the  basin  the  present  limiting  outcrops 
of  both  continental  and  marine  nature  show  the  principal  rela- 
tion in  their  sediments  not  to  a  nearby  northern  land  bat  to 
sediments  from  the  southeast  and  to  Appalachia  beyond.     The 
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rocks  are  thin,  even-bedded  shales  and  sandstones  traceable  for 
tonf;  distances  along  their  ontcrops.  They  suggest  for  the 
greater  part  of  the  deposits  the  smooth  floor  of  an  open  shallow 
sea.  The  dark  mud-cracked  shales  of  the  Portage  in  central 
New  York  appear  to  be  delta  deposits  developed  because  the 
sabsidence  was  slower  than  the  innlling,  hut  the  fine  even  grain 
of  the  sediments  shows  that  even  these  are  far  front  the  sources 
of  erosion  and  suggest  that  they  once  extended  farther  to  the 
north. 

BaU  of  Thinning  at  the  lYetent  Margint. 

A  method  of  attacking  the  problem  of  the  original  limits  is 
fonnd  in  the  rate  of  thinning  at  the  present  margins.  The 
data  for  determining  this  is,  however,  somewhat  meager  and 
not  as  accDrate  as  is  desirable  for  reliable  results.  It  further 
rests  upon  the  assumption  that  the  thinning  shown  near  the 
present  mai^n  continued  uniformly  to  the  original  limits,  an 
assamption  which  certainly  is  not  exactly  true,  but  which  on 
the  otoer  hand  serves  as  an  approximation.  The  determina- 
tions check  fairly  well  with  the  other  indications  and  thus  the 
aigoments  gain  accumulative  strength.  The  data  of  this 
nature  are  as  follows : 

The  npper  Devonian  rocks  in  Pennsylvania  and  Maryland 
thicken  in  general  from  northwest  to  southeast.  In  Maryland 
the  extreme  easternmost  outcrop  is  the  thickest.  Here  there- 
fore the  axis  of  subsidence  was  to  the^ast  of  the  present  eastern 
outcrop  and  later  complete  erosion  has  advanced  westward  be- 
yond the  line  of  maximum  thickness.  This  may  possibly  be  true 
in  northeastern  Pennsylvania  also,  hut  in  Ferry  County  on  the 
Sneqaehanna,  in  ceutral  eastern  Pennsylvania,  a  thinning  exists 
toward  the  margin.  Through  Pennsylvania  it  seems  prob- 
able therefore  that  the  axis  passes  under  the  anthracite  coal 
basins.  This  strikes  east  of  the  limiting  outcrops  in  Maryland 
and  agrees  with  the  indicatione  from  that  region  as  to  the 
location  of  the  axis.  The  eastern  side  of  the  original  basin  of 
sediments  seems  consequeutly  in  eastern  Pennsylvania  not  to 
have  been  wholly  destroyed.  More  carefully  measured  sec- 
tions on  the  two  sides  of  the  coal  basins  are  needed  however 
to  establish  this  view.  The  data  s&pporting  it  rest  at  present, 
so  far  as  known  to  the  writer,  upon  the  sections  measured  by 
Claypole  in  Ferry  County,  He  notes  the  difEculty  of  obtain- 
ing reliable  measurements  in  this  intensely  folded  and  some- 
what faulted  district.  Allowing  for  these  difficulties  as  far  as 
possible,  he  states  that  above  Newport  on  the  Juniata  river  the 
thickness  of  the  Portage-Chemung  rocks  is  3300  feet.  In  the 
southernmost  outorop,  some  sixteen  miles  distant  toward  the 
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ancient  land  thej  measore  but  1100  feet.*  The  Catskill  roctcs 
are  given  by  Kogere  as  6000  feet  thick  at  the  Susqaehanna  Gap 
above  Harnsbarg  and  Claypole  gives  thie  iignre  for  the  whole 
of  Perry  County.f  A  large  part  of  the  thinning  of  the  Port- 
age-Chemung to  the  Bontlieastward  is  doubtleas  due  to  the 
passage  of  beds  into  the  Catakill  facias  in  that  direction  as 
observed  both  to  the  northeast  and  sonthwest. 

The  sum  of  the  Upper  Devonian  rocks  in  the  northern  part 
of  Perry  Coonty  as  derived  from  these  ineasnrements  amonnts 
to  9400  feet.  Sixteen  miles  south  at  the  Susquehanna  Gap 
it  is  7200  feet.  The  amount  of  ehorteniuE;  due  to  folding  on 
this  line  was  measured  by  the  writer  from  the  sections  by  R.  T. 
Cliamberlin4  The  base  of  the  Catskill  was  used  for  tliis  pur- 
pose and  it  was  determined  that  21'5  miles  had  been  shortened 
to  16  mites,  75  per  cent  of  tlie  original  length.  Assuming 
that  the  thinning  is  accurately  determined  and  not  in  part  due 
to  a  greater  pressure  on  the  east  during  folding,  it  gives  a  rate 
of  2200  feet  in  21*5  miles,  approximately  100  feet  per  mile. 
This  is  a  higher  rate  of  thinnmg  than  is  observed  anywhere 
toward  the  west,  on  the  western  side  of  the  basin.  There  the 
highest  rate,  as  seen  between  the  anthracite  basins  and  the 
Allegheny  front,  is  not  more  than  60  or  70  feet  per  mile.  A 
higher  rate  on  the  eastern  side  of  the  basin  is  however  quite 
possible,  and  since  this  is  near  the  center  of  the  basin  the  rate 
may  have  increased  to  a  still  higher  figure  farther  east.  A 
higher  rate  of  thinning  than  100  feet  per  mile  is  not  demanded, 
however,  by  the  other  lines  of  evidence.  This  would  bring 
the  original  margin  approximately  to  a  line  passing  through 
New  York,  Philadelphia,  and  Baltimore,  the  margin  of  the 
present  Coastal  Plain.  If  the  crust  was  shortened  25  per  cent 
by  the  later  folding  of  this  zone,  it  would  bring  the  original 
limit  to  a  present  line  15  to  20  miles  northwest.  This  is  the 
position  shown  on  the  map,  fig.  1  (p.  225),  In  a  later  part  of  this 
article  it  is  shown  that  the  sources  of  erosion  were  southeast  of 
the  margin  of  the  present  Coastal  Plain  from  rocks  whose 
foundations  are  now  concealed.  Consequently  the  sediments 
either  approached  to  the  region  of  the  present  Coastal  Plain 
or  there  was  in  the  Upper  Devonian  a  more  or  less  broad  nen- 
tral  zone  between  the  regions  of  erosion  and  deposition. 

The  bearing  of  lithologic  evidence  from  the  Green  Pond 
Mountain  outlier  is  considered  in  the  next  section,  hut  such 
discussion  as  deals  with  the  thinning  of  the  strata  may  be  ^ven 
here.    The  marginal  Upper  Devonian  outcrop  in  New  York 

•Second  Qeol.  Sarv.  Pa.,  vo).  F-2,  pp.  71,  IM,  1685. 
tLoo.  cit.,  pp.  84,  36,  244,  316. 

IThe  Appalachina  Folds  of  Central  PenaeflTania,  Jonr.  0«ol.,  xviii,  33S, 
1810. 
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and  PonnsjlTania  opposite  the  oatlier  has  a  thickness  between 
5000  and  6000  feet.  The  Upper  Devonian  in  the  ontller  is 
estimated  bb  still  2500  feet  thick  and  an  nnknown  portion  has 
been  eroded  at  the  top.  If  the  original  thickness  of  the  Upper 
Devonian  be  aesnmcd  here  as  onlj  2600  feet,  and  the  forma- 
tion regarded  as  part  of  a  general  mantle  of  sediments,  it  gives 
a  thinning  of  about  3500  feet  in  26  miles  after  folding. 
Assume  this  to  be  36  miles  before  folding  and  the  thinning 
comes  to  100  feet  per  mile ;  the  same  figure  as  from  Perry 
Connty,  Pennsylvania,  150  miles  southwest.  This,  it  will  be 
noted,  is  a  maximum  estimate.  More  probable  figures  for  the 
rate  of  thinning  near  the  present  ontcrops  would  be  80  feet 
for  each  mile  of  original  distance.  This  may  have  steepened 
to  a  higher  fignre  near  the  margin. 

The  rate  of  thinning  at  the  northern  margin,  where  the  rocks 
are  Dot  much  folded,  may  be  approached  from  another  stand- 
point :  that  of  the  dips  in  the  snccesaive  formations.  In  south- 
ern New  York  the  npper  Devonian  beds  are  known  to  thin 
from  east  to  west,  the  Portage  beds,  for  example,  thinning 
westward  from  ISOO  feet  to  1200  feet  in  fifty  miles,  from  long. 
77°  to  78°.  This,  therefore,  is  on  the  farther  side  of  the  geo- 
syncline.  The  rate  of  thinning  to  the  north  is,  however,  more 
difficnlt  to  determine  since  the  same  bed  is  not  exposed  over 
ereat  distances  in  that  direction  and  gentle  folds  slightly  warp 
the  strata.  In  the  higher  strata,  however  (the  basal  Mississip- 
pian),  the  regional  dips  are  to  the  southwest  at  an  average  of 
aboat  20  feet  to  the  mile.  In  the  Middle  Devonian  the  dips 
average  in  direction  20  to  30  degrees  nearer  south  and  at  aver- 
age inclinations  of  from  30  to  50  feet  per  mile.  These  figures 
S've  between  long.  76°  and  78°  a  thickening  ^f  the  Upper 
evoniau  to  the  south-southeast,  at  a  rate  of  from  20  to  SO  feet 
per  mile.  In  western  Kew  Tork  south  of  Lake  Erie,  G.  D, 
Harris  gives  data*  from  which  it  may  be  compnted  that  the 
rate  of  thickening  of  the  Middle  and  Upper  Devonian  tM;ether 
is  36  feet  per  mile  to  the  southeast.  Data  given  in  the  Warren, 
Pa.,  folio,  however,  make  this  seem  somewhat  high.  These 
resnlts  serve  as  checks  to  the  contour  lines  of  the  structure  map 
accompanying  the  present  paper,  which  are  primarily  based  on 
measured  or  estimated  sections  and  indicate  a  marginal  rate  of 
thinning  of  22  to  23  feet  per  mile.  It  is  possible  that  the  thin- 
ning may  have  been  accentuated  beyond  the  limits  of  the  pres- 
ent outcrops.  It  was  not,  however,  the  direction  from  wbich 
the  sediments  were  dominantly  derived,  and  from  the  absence 
of  diastrophisra  in  that  direction  a  smaller  rather  than  a  larger 
rate  of  thinning  in  the  portion  now  eroded  might  as  readily 
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be  postnlated.  Thinuiog  at  tlie  rate  of  thirty  feet  per  mile 
would  carry  the  margin  of  the  Upper  Devonian  to  the  north- 
ern shore  of  Lake  Ontario  over  Ordovician  rocke,  and  over  the 
aonthern  part  of  the  pre-Cambrian  now  exposed  in  the  Adiron- 
dacks.  A  rate  of  20  feet  per  mile  would  carry  the  mai^n 
some  thirty  miles  farther  north.  The  rej;ional  dip  of  the  base 
of  the  Lower  Beyonian  would  project  such  a  mar^nal  exten- 
sion upward  high  over  the  pre-Cambrian  as  now  exposed.  The 
present  elevat^  position  of  the  pre-Cambrian  in  that  re^on 
cannot  date  back  to  the  Devonian,  so  that  this  degree  of  exten- 
sion of  the  Devonian  strata  meets  with  no  etructaral  difficulty. 

Evidtnee  from  th»  Green  Pond  Mountain  Region, 
The  discnseions  on  the  original  limits  of  the  Upper  Devo- 
nian, based  on  the  evidence  of  the  margins,  have  been  of  the 
natnre  of  an  extrapolation,  determining  the  rat«  of  changes 
at  the  margin  and  projecting  them  to  their  limits.  To  give 
confidence  to  such  conclnsions  they  must  be  supported  bv  inde- 
pendent lines  of  evidence.  One  of  the  strongest  of  these  is 
found  in  ^e  sediments  of  the  Oreen  Pond  Mountain  outlier, 
downfolded  and  downfanlted  into  the  pre-Cambrian  rocks 
twenty-five  miles  southeast  of  the  marginal  outcrop  of  the 
Catskill  formation.  The  present  isolation  of  the  eyncline  and 
the  different  character  of  many  of  the  formations  within  it 
have  led  a  nnniber  of  geologists  to  the  opinion  that  this  was  a 
separate  basin  of  deposition.  In  r^^rd  to  this  view,  however, 
Kiimmel  and  Weller  state  : 

"  Darton  and  Walcott  have  held  that  the  rocks  of  this  region, 
at  least  those  subsequent  to  the  Cambrian  limestone,  were  depos- 
ited in  an  inl8t  separated  by  a  land  area  on  the  west  from  the 
Kreat  sea,  which  lay  still  further  west.  We  have  observed  no  facts 
in  the  New  Jersey  area  which  necessitate  *.biB  assamption.  On 
the  contrary,  we  believe  that  the  weight  of  evidence  there  favoiB 
the  view  that  these  formations  were  formerly  continuona  with  the 
oorres|jondiDg  beds  in  the  Kittatinny  valley  and  northwestward. 
Recognizing,  however,  that  the  evidence  in  New  Jersey  is  not 
decisive,  and  not  having  bad  an  opportunity  of  examining  criti- 
cally the  field  in  New  \ork,  we  are  unwilling  to  oppose  the  oon- 
clusioDB  of  these  workers,  although  from  what  we  have  seen  we 
are  inclined  to  believe  that  the  facts  are  capable  of  a  different 
interpretation  from  tbat  of  Mr.  Darton.  In  any  event,  there  can 
be  no  doubt  but  that  the  seas  in  which  these  beds  were  formed 
had  a  much  wider  extension  than  the  present  area  of  the  for- 
mation." • 

A  discnsBion  of  the  stratigraphr  as  given  below  suggests  tbat 
the  conclusion  of  Kiimmel  and  Weller  may  be  more  positively 
:,  Ann.  Beport  N»w  Jenaj 
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held,  ftod  that  tbe  differeDceB  \a  the  rocks  are  such  as  are  to  be 
expected  under  the  view  that  they  were  deposited  nearer  to 
the  eoarces  of  erosion,  but  existed  in  continuitj  with  synchro- 
none  sediments  laid  down  in  FennBTlwnia.  Grabau  aleo  has 
recently  arged  the  view  regarding  tne  continnity  of  the  Sila- 
rian  rocks  of  this  axis  with  those  to  tbe  west.* 

Tbe  history  of  the  region  must  l)e  traced  from  the  Silurian. 
Early  in  the  Silnrian  the  Green  Pond  conglomerate  waa  laid 
down  with  a  tbickneea  of  1200  to  1500  feet. 

"  This  consists  of  coarse,  silicioas  oonglomarate,  interbedded 
with  and  grading  upward  into  quartsite  and  sandstones.  The 
pebbles  of  the  coDglomerate  range  from  one-balf  to  three  inchea 
in  diameter,  and  are  almost  entirely  white  qnartz,  bat  some  plait 
quartz,  black,  white,  yellow  and  red  chert,  red  and  purple  qoartz- 
ite,  and  a  very  few  red  shale  and  pink  jasper  pebbles  occur. 
The  white  quartz  pebbles  have  frequently  a  pink  tinge  on  their 
outer  portion.  At  Qould's  quarry  large  masses  of  the  underlying 
limf  stone  are  included  in  a  conglomerate,  which  is  believed  to  be 
the  basal  layers  of  this  formation. 

"Tbe  matrix  is  comprised  of  qnartz  sand,  is  vitreous  in  texture 
and  generally  of  a  dull  red  color,  but  white,  gray  and  greenish 
stmta  frequently  occur,  particularly  in  the  basal  portion,  so  that 
the  formation  is  not  so  exclusively  red  as  implied  in  most  of  the 
earlier  reports."! 

The  8hawangank  conglomerate  and  sandstone,  in  similar 
stratigraphic  petition,  outcrops  twentv  miles  northwestward,  is 
1500  to  1600  feet  thick,  but  is  witnout  the  red  color, — con- 
sisting of  cleaner,  whiter  sand  and  smaller  quartz  pebbles. 
This  contrast  suggests  either  that  the  Shawangnnk  has  been 
subjected  to  the  greater  sorting  dne  to  wave  action  and  con- 
trasts with  a  flnviatile  origin  of  the  Green  Pond  conglomerate, 
or  that  tbe  latter  corresponds  to  the  red  npper  portion  of  the 
Silurian  sandstone  to  the  west,  the  basal  portion  being  absent 
io  the  Green  Pond  axis. 

Tbe  evidence  shows  that  in  neither  the  Green  Pond  axis 
nor  to  the  west  is  tbe  material  of  local  origin.     An  enormous 

Juantity  of  rock  and  from  a  considerable  area  has  been 
estroyed  to  supply  this  mass,  the  pebbles  consisting  domi- 
nantly  of  white  quartz-vein  material  from  crystalline  forma- 
tions. Considerable  transportation  has  been  necessary  in  order 
to  segregate  it  from  the  vastly  greater  quantity  of  finer 
grained  and  softer  rock  with  which  it  was  associated,  a  trans- 
portation to  which  the  rounded  form  and  resistant  character  of 
the  pebbles  bear  witness.  Furthermore,  except  to  some  degree 
at  the  unconformable  base,  local  bowlders  are  not  encountered 

*Earlv  Paleoioio  Delta  Depouta  of  North  Ajneriea,  Bull.  Oeol.  Soo.  Am., 
siiv,  477-479, 1918. 

t  EQmmel  and  Wellar,  lo«.  eit.,  p.  9., 
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witbio  it,  Dor  is  any  cliftDge  along  the  axis  of  tlie  ejnclioe  to 
be  noted  which  sazgeeta  that  the  sands  and  gravels  were  depos- 
ited in  a  narrow  inlet,  subject  to  lateral  transportation  of  sedi- 
ments and  weak  wave  action. 

The  Green  Pond  conglomerate  is  overlain  by  the  Longwood 
shales  200  feet  in  thickness  and  of  red  color,  succeeded  oy  the 
Decker  limeetune  50  feet  thick,  and  carrying  Cayngan  fossils. 
Above  the  Decker  limestone  occurs  the  Kanonse  sandstone 
(Newfoandland  grit  of  the  New  Jersey  report)  215  feet  in 
thickness  and  carrying  a  mixed  Oriskany-Comiferoas  fauna. 
The  sequence  is  thus  similar  to  that  of  the  main  Appalachian 
geoBjncline  but  the  beds  above  the  Silurian  conglomerate  are 
thinner  and  certain  horizons  are  probably  missing.  There  is, 
however,  no  suggestion  of  local  sediments  from  the  walls  of  au 
estuary.  On  tne  contrary,  the  evidence  suggests  that  the 
region  lay  nearer  to  the  land  of  Appalaehia  and  the  bottom 
was  less  subject  to  snbsidence.  Hence  thinner  deposits  of 
sediment  were  apt  to  be  laid  down  and  the  material  on  the 
whole  was  coarser  and  less  calcareous.  Over  such  a  zone  the 
minor  crustal  oscillations  are  more  apt  to  bring  about  tempo- 
rary erosion  followed  by  overlap.  Certain  beds  above  the 
Longwood  shales  appear  to  be  absent  in  places.*  In  this 
region,  Darton  notes  the  difficnlty  of  discriminating  between 
overlap  and  overthrnst,  bat  states  that  on  the  northwest  the 
Helderberg  limestone  rests  directly  on  Cambrian  limestone 
with  no  possibility  of  an  intervening  faolt.t  This  suggests  a 
pre-Helderberg  warping  of  some  extent,  perhaps  while  the 
Green  Pond  conglomerate  was  still  an  unconsolidated  gravel. 
In  this  region  the  Hamilton  is  represented  by  the  Peqaanac 
shale  (Monroe  shales  of  Darton),  consisting  perhaps  of  a  thou- 
sand feet  of  dark,  thick-bedded  shale,  somewhat  sandy  toward 
the  top  and  containing  a  Hamilton  fauna.  According  to 
Darton  it  also  overlaps  all  of  the  preceding  formations,!  but 
the  character  of  the  sediment,  like  that  of  the  preceding  for- 
mations, does  not  indicate  a  local  source.  This  is  the  last  over- 
lap known,  as  the  Fequanac  shale  grades  up  into  the  Bellvale 
flags,  a  formation  between  1600  and  2000  feet  in  thickoesB. 
The  lower  part  of  the  Bellvale  flags  contain  a  Hamilton  fauna. 
Plant  beds  of  middle  Devonian  age  are  found  in  this  forma- 
tion, marine  fossils  fail  in  the  upper  portion,  and  it  seems  pos- 
sible that  here  the  continental  phase  of  sedimentation  bc^n 
before  the  close  of  Hamilton  time.  So  far  as  known  there  is 
uo  diminution  in  the  thickness  of  the  beds  of  the  Hamilton 
group  in   passing  eastward  from  the  Delaware  Kiver,  where 

•  Kttmmel  nnd  Waller,  loc.  dt.,  p.  20. 

\  Oeologio  relationa  from  Green  Pond,  New  Jersey,  to  SknnnemDnk  Hoon- 
tain,  New  York,  Oeol.  Soc.  Am.,  Ball.,  v,  891,  1894. 

tLoc.  oit,  p.  392. 
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they  measure  about  2000  feet,  bat  the  strata  there  remain  fos- 
eiliieroiu  into  Portage  time*  The  Bellvale  flags  grade  in 
torn  into  the  maseive  Bkanoemank  conglomerate  with  an 
eroded  top,  but  still  2500  feet  in  thickness  m  the  deepeEt  part 
of  the  syncline.  The  broader  etmctaral  evidence  indicates  no 
local  Bonrce  for  these  conglomerates,  since  the  fine  grain  and 
foBsiliferous  character  of  the  Hamilton  beds  gives  no  snggee- 
tion  of  a  moantain-walled  inlet.  No  overlap  suggests  later 
deformation,  and  the  Sknnnemnnk  conglomerate  was  separated 
from  the  Green  Fond  conglomerate  and  the  Arehean  by  from 
2500  to  3500  feet  of  Middle  Devonian  strata. 

Althoagh  no  local  basin  existed,  the  evidence  indicates  that 
continued  npwarping  of  the  land  to  the  east  exposed  earlier 
qnartzites  to  erosion,  for  the  pebbles  in  the  Skunnemank  are 
less  abandaotly  white  quartz,  bnt  principally  of  qnartzite.  As 
seen  in  the  sonthern  end  of  fiearfort  monntain  in  New  Jersey, 
the  qnartzite  pebbles  are  dominant  to  the  base.  The  sectioD 
of  Sknnnemnnk  monntaio,  however,  27  miles  noi-theaet  shows 
in  the  lower  beds  pebbles  np  to  three  inches  in  diameter,  domi- 
nantly  of  white  quartz,  but  with  some  pale  pink  and  gray 
qnartzite.  The  upper  beds  are  much  more  abundantly  con- 
glomeratic, with  qnartzite  pebbles  as  the  dominant  constitaent 
and  ranging  in  size  np  to  eight  inches.  All  are  well  rolled, 
prolate  spheroids  being  the  common  form. 

According  to  Eiimmel  and  Weller,  many  of  these  pebbles 
are  lithologifally  identical  with  the  quartzite  beds  in  the  Green 
Pond  formation,  and  seem  to  have  been  derived  from  it.  The 
writer  has  observed  internal  evidence,  however,  which  points 
strongly  to  a  different  and  somewhat  distant  source.  The  peb- 
bles in  the  Green  Pond  conglomerate  are  overwhelmingly 
white  quartz.  At  the  time  of  the  deposition  of  the  Upper 
Devonian  the  Silurian  conglomerate  had  not  become  buried 
over  3000  feet  nor  subjected  to  mountain-making  movements. 
If  it  supplied  the  material  for  the  upper  formation  the  white 
qoartz  pebbles  would  have  had  at  that  time  greater  resistance 
and  coherence  than  the  sandstone  matrix  and  should  apparently 
have  contributed  more  conspicuously  to  the  overlying  con- 
glomerate. Furthermore,  the  quartzite  pebbles  of  the  Skunne- 
mnnk  are  well  rolled,  implying  considerable  wear  before 
deposition,  and  the  grain  of  toe  quartzite  pebbles  is  fine  and 
somewhat  more  vitreous  than  the  matrix  in  the  dominant  beds 
of  the  Green  Pond  conglomerate.  A  more  positive  indication 
is  derived  however  from  color.  The  matrix  of  the  Green 
Pond  conglomerate  is  a  pupple-browti  with  tinges  of  deep  red, 
the  few  lighter  colored  beds  not  being  volumetrically  important. 

•  C,  3.  PTO««er,  The  DeTonian  eyitem  o(  «aatam  PenDBjWftDia  and  Nsw 
Tork,  Ball.  120,  U,  S.  Geol.  Snrv.,  p.  13,  1804. 
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The  original  color  of  tbe  Sknimeraunk  qaartzite  pebbles,  on  the 
coDtrarj,  was  a  frrayish  white  to  ji^eenish  gray,  staioed  later  to 
a  purplish  or  pinkish  white,  lighter  in  color  value  than  the 
matrix  of  the  Green  Pond  conglomerate.  The  evidence  for 
this  conoloBion  is  as  follows : 

Tbe  lower  part  of  the  Sknnnemnnk  conglomerate  contains 
beds  of  CTeen  flags  and  greenish  conglomerates  well  shown 
west  of  Hanks  Pond  and  along  the  carriage  road  leading  to 
the  snmmer  residence  of  Mr.  R.  F.  Gross.  In  this  greenish 
conglomerate  the  qnartzite  pebbles,  the  same  in  texture  and 
size  as  in  the  purple  beds  above,  are  grajish  white  or  green- 
ish gray.  In  tne  purple  beds  they  are  wliitish  pink  or  purple. 
The  vem-qnartz  pebbles  are  white  in  all  cases,  though  stained 
a  little  on  the  ontside  and  on  internal  fracture  surfaces.  The 
larger  qnartzite  pebbles,  especially  in  the  beds  only  slightly 
femiginoiis,  are  pale  in  the  center  with  a  purple  nnd  on  the 
ontside. 

The  logical  explanation  of  these  facts  is  based  npon  the 
observation  that  white  vein  quartz  is  not  porous  and  hence 
does  not  stain  readily  by  taking  up  solutions  of  iron  in  the 
ground  water.  Qnartzites,  on  the  contrary,  show  various  degrees 
of  porosity,  from  sandstones,  the  most  porous  of  rocks,  to 
vitreous  quartzites,  almost  without  porosity.  Ferruginous 
solutions  becoming  oxidised  in  sands  and  gntrels  stain  them 
yellow,  as  seen  in  the  yellow  gravels  of  the  Atlantic  Coastal 
Plain,  This  stain  permeates  tbe  porous  pebbles  in  direct  ratio 
to  their  porosity.  Subsequent  diagenesis  in  the  ancient  forma- 
tions has  eliminated  the  water  from  the  iron  oxide  and  turned 
the  yellow  of  limonite  to  the  reddish  brown  or  purple  of 
hematite,  which  if  diluted  by  the  rock  substance  becomes  pink 
or  pale  purple.  In  the  Skunnemank  conglomerate,  although 
the  matrix  is  of  about  the  same  depth  of  color  as  in  the  Oreen 
Pond  conglomerate,  only  a  few  pebbles  attain  this  same  depth 
of  stain,  most  of  them  remain  dbtinctly  lighter,  and  some  of 
the  greenish,  jaspery  pebbles  do  not  change  in  color  except  on 
tbe  surface. 

The  Oreen  Pond  conglomerate,  of  the  Silurian,  rests  nncon- 
formably  upon  pre-Cainbrian  gneiss  and  Cambro-Ordovician 
limestone,  tne  basal  Cambrian  qnartzite  in  New  Jersey  being 
very  thin  and  in  many  places  wanting.  The  material  of  the 
Silurian  is  apparently  derived  from  deep  erosion  of  these 
gneisses  at  some  distance  to  the  southeast,  sufficient  to  permit 
the  segregation  and  rounding  by  transportation  of  the  white 
vein  quartz  which  is  a  minor  constituent  of  the  gneisses. 

In  regard  to  the  Skunnemunk  conglomerate,  of  Upper 
Devonian  age,  the  evidence  shows  that  most  of  it  waa  not 
derived  from  a  local  source ;  neither  the  pre-Cambrian  gneisses, 
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nor  thB  Green  Pond  conglomerate.  On  the  contrary,  qnartz- 
ite  formations  resembling  Cambrian  qnartzite  where  thette  are 
extenBivel;  developed,  had  become  nplifted  and  snbjected  to 
erosion.  Such  a  enpply  of  material  could  not  have  existed 
short  of  some  re^on  now  concealed  b;  Coastal  Plain  deposits 
or  the  waters  of  the  Atlantic  ocean. 

Gravels  as  coarse  and  thick  as  those  of  the  Sknnnemuok 
formation  are  commonly  developed  ekirtinfi^  the  larger  moan- 
tain  ranges,  swept  out  by  rivers  and  forming  piedmont  slopes. 
From  the  Himalayas  they  are  swept  southward  in  ahnndance  30 
to  SO  miles.  In  the  basms  of  Asia  from  ten  to  forty  miles  is  a 
common  distance.  In  the  valley  of  the  Po,  Bonney  has  noted 
that  gravels  with  pebbles  commonly  3  to  4  inches  in  diameter 
and  more,  reaching  rarely  8  inches,  are  found  after  the  river  and 
its  tribntaries  have  flowed  over  from  35  to  60  miles  of  plain.* 
Gravels  in  some  instances  are  carried  mnch  farther,  even 
several  hundred  miles,  bat  in  snch  cases  the  pebbles  are  small 
and  constitute  a  lesser  proportion  of  the  entire  deposit.  The 
well-worn  and  rounded  character  of  the  Skunnemunk  gravel 
indicates  that  it  had  suffered  a  large  reduction  in  size  of  peb- 
bles and  bad  been  moved  a  considerable  distance.  The  mar- 
gins of  the  gravel  plain  may  therefore  be  estimated  at  perhaps 
from  20  to  35  miles  to  the  southeast  of  the  Green  Fond  syn- 
cline,  making  the  original  limits  of  the  upper  Devonian  deposits 
from  45  to  60  miles  southeast  of  the  present  outcrops  in  Penn- 
sylvania. Considering  all  the  lines  of  evidence,  especially  the 
distance  to  an  available  source  for  the  quartzite  and  the  short- 
ening of  this  distance  dne  to  later  folding,  the  larger  figure 
seems  more  probable  than  the  smaller.  Sixty  miles  during 
the  final  period  of  folding  may  well  have  been  shortened  to 
forty-five  miles,  so  that  this  has  been  used  as  a  minimum  limit 
in  locating  the  original  mai^n  in  New  Jersey  and  Pennsyl- 
vania. Tne  distance  to  the  northwestern  edge  of  the  crystal- 
line floor  concealed  beneath  the  Coastal  Plain  is  now  about 
sixty-live  miles,  and  from  beyond  this  line  it  would  appear  that 
the  greater  portion  of  the  quartzite  must  have  been  derived. 

RBI.ATIOHS  OF  PlSnHONT  Gb^VBU  TO  CL»fl.TlC  AltD  CstTSTAL 

Movements. 
Broad  piedmont  plains,  such  as  those  which  skirt  the  east 
side  of  the  Rocky  Mountains  and  whose  dissected  surfaces  form 
the  High  Plains,  are  in  delicate  adjustment  to  the  grade  of  the 
rivers  which  built  them,  A  climatic  movement  away  from  a 
state  of  semi-aridity  toward  a  rainy  and  humid  condition 
increases  the  hold  of  vegetation  on  the  soil,  decreasing  the 
'Bonndii^  of  Alpiae  Fsbblw,  Oeol.  Uag.,  decade  III,  vol.  r,  p.  SB,  188S. 
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washing  of  upland  waste  into  Btreams,  while  at  the  same 
time  the  capacity  of  the  streams  to  carry  waste  is  increased. 
The  rivers  consequently  load  ap  by  eating  into  the  higher  parts 
of  the  piedmont  slope,  the  more  readily  because  of  tne  ancon- 
Bolidated  nature  of  the  deposits ;  the  rirer  grade  outside  of  the 
monntains  is  flattened  and  there  is  a  transfer  of  coarser  material 
to  the  delta  or  the  sea.  A  conglomerate  of  climatic  origin  is  the 
result,  interbedded  with  normally  finer  grained  deposits.  A 
reverse  climatic  movement  will  build  up  again  the  higher  parts 
of  the  slope,  steepening  the  grade  in  this  part  and  giving  a 
miuimam  supply  of  waste  to  the  delta  until  equilibrium  l>e- 
tween  grade  and  climate  is  established.  In  general  it  may 
be  said  that  climatic  fluctuations  of  any  nature  will  produce 
alternate  terracing  and  filling  in  the  upper  parts  of  the  pied- 
mont plain  ;  asynchronous  alternation  of  thick  and  coarse  with 
thin  and  fine  deposits  upon  the  delta  topset  beds,  both  on  the 
land  and  extending  to  the  shallow  sea. 

The  repeated  cutting  and  filling  daring  the  Pleistocene 
of  the  valleys  crossing  the  High  Flains  seems,  as  W.  D. 
Johnson  has  pointed  out,  to  have  been  moat  largely  of  a  cli- 
matic cause,  and  the  same  conclusion  has  been  reached  for  the 
terracing  in  other  regions  by  Davis  and  Huntington.  The 
sobiect  has  been  discussed  more  fully  by  the  writer  elsewhere, 
with  some  application  to  the  Appalachian  deposits  of  the  Upper 
Paleozoic* 

The  question  arises,  how  such  a  climatic  record  may  be 
discriminated  from  a  somewhat  similar  record  made  as  the 
result  of  crnstal  movements.  The  clearest  distinction  is  in  the 
relations  of  carbon  and  iron  oxide  as  seen  in  the  shale  mem- 
bers of  the  delta  deposits;  an  increase  in  theqnantity  of  carbon 
marking  a  movement  toward  wetter  or  cooler  climates,  an 
increase  in  oxidation  marking  the  movement  in  the  contrary 
direction. 

The  results  to  the  delta  would  be  qnite  different  if  there 
were  no  storage  of  coarse  siliceous  waste  in  a  piedmont  slope 
between  the  mountains  and  the  alluvial  flats  oeyond.  Then 
the  movement  toward  a  greater  growth  of  vegetation  wonld 
normally  decrease  the  supply  of  coarse  waste  to  the  rivers  and 
iucrease  the  deposit  of  carbon  to  the  delta.  Certain  exceptions 
may,  however,  be  imagined : — a  climatic  movement  which 
would  bring  on  glacial  conditions  in  the  mountains  would  carry 
coarser  waste  farther  from  them  without  deriving  such  from  a 
piedmont  slope  and  at  the  same  time  favor  the  storage  of  car- 
bon in  the  parts  of  the  delta  which  did  not  receive  this  waste. 
Alluvial  gravels  of  ultimate  glacial  origin  derived  from  a  crys- 
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talliae  opland  wonld,  however,  bIiow  a  greater  doinmance  of 
granite  or  gneiss  cobbles  over  those  of  vein  qnartz  as  compared 
with  graveiB  dae  to  uormal  weathering  and  previously  stored 
by  rivers  in  a  piedmont  slope.  The  character  of  the  silt  in  the 
two  caseB  wonld  also  be  different.  Again,  if  vegetation  had 
not  evolved  to  that  state  where,  under  a  favoring  climate,  it 
could  bind  the  soil,  a  movement  toward  a  cooler  and  wetter  cli- 
*  mate,  even  without  glacial  conditions,  might  lead  to  more  rapid 
instead  of  leas  rapid  erosion  of  the  uplands.  In  that  case,  how- 
ever, coarse  and  tine  detritus  wonld  both  be  carried  to  the 
delta  and  clean  formations  of  sand  and  gravel  would  not  be 
conspicuous. 

The  more  normal  and  probable  relations  of  climatic  flactu- 
ations  to  monutaiD,  piedmont,  and  delta  which  were  tirst  stated 
will  be  assumed  to  nave  existed  during  the  later  Paleozoic  and 
the  justice  of  that  assumption  tested  by  the  degree  to  which  its 
expected  resnlts  accord  with  the  observed  stratigraphy  of  the 
delta  plain  and  shallow  sea.  If  the  theory  that  pulses  in  cli- 
mate are  recorded  iu  sedimentation  be  regarded  as  sound,  it 
may  then  be  used  in  two  ways  in  the  interpretation  of  the  past: — 
the  deposits  of  an  ancient  delta  may  contain  a  climatic  record 
and  at  the  same  time  testify  to  the  former  existence  of  a  pied- 
mont now  destroyed  as  the  result  of  orogenic  movements  and  . 
later  erosion.  It  is  from  this  standpoint  tliat  the  subject  enters 
into  the  present  problem. 

The  Catskill  red  shales  and  gray  sandstones  are  succeeded  by 
the  Pocono  sandstones  and  conglomerates.  The  Pocono  for- 
mation spreads  across  the  state  of  Pennsylvania,  hut  the  beds 
in  the  east  are  coarser  and  thicker  than  farther  west  Shale  is 
much  diminished  in  amoont.  Most  of  it  is  olive,  though,  espe- 
cially in  the  western  half  of  the  state,  considerable  red  shale 
occurs.  Scanty  coal  seams  show  for  their  times  and  areas  the 
presence  of  perpetual  swamps.  This  Pocono  sandstone  plate 
is  abruptly  followed  by  the  Mauch  Chunk  red  shale  and  red 
sandstone ;  brilliant  with  ferric  oxide,  containing  lime,  gypsum 
and  salt,  with  mud-cracked  strata  in  place  of  coal.  This  for- 
mation closed  the  Missiseippian  period.  The  Pennsylvanian 
follows,  inaugurated  by  the  group  of  Pottaville  conglomerates 
and  sandstones  with  black  shales  and  some  coal,  reaching  a 
maximum  thickness  of  about  1200  feet  in  Pennsylvania.  This 
is  succeeded  by  the  coal  measures.  The  whole  series  from  tlie 
opening  of  the  Middle  Devonian  reaches  a  maximum  thickness 
in  Schuylkill  County,  Pennsylvania,  of  more  than  three  miles. 

The  red  shale  formations,  the  Catskill  and  Mauch  Chunk, 
show  transitions  on  the  east  into  the  overlying  formations. 
The  Pocono,  on  the  contrary,  passes  abruptly  at  its  top  into  the 
Manch  Chunk  shale.    Both  the  Pocono  and  Pottsville  conglom- 

Ah.  Joob.  Sci.— Fodrtb Sbries,  Tol.  XXXVII,  No.  319.— MiRCH,  1914. 
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eratCB  are  made  up  dominaQtly  of  much  water-wuni  white 
quartz  pebbles,  and  their  whole  areas  are  chnracterized  by  a 
great  dominance  of  siliceous  over  argillaceous  cuntente.  All 
of  these  features  correspond  to  the  theoretic  results  upon  a 
broad  piedmont  slope  of  increasingly  wide  swings  of  the  cli- 
matic pendulum  which  carried  the  world  from  Upper  Devo- 
nian warmth  and  semi-aridity  to  Upper  CarboniferoHS  humidity 
and  possible  coolness.  Such  are  tne  major  changes  through 
the  later  Paleozoic ;  changes  which  find  parallels  in  the  geo- 
synclincs  of  the  Maritime  Provinces  of  Canada  and  of  uorth- 
western  Europe.  They  form  a  crescendo  leading  from  the 
Middle  Devonian  and  terminating  in  the  Permian,  a  period  of 
mixed  and  unparalleled  aridity  and  glaciation. 

On  these  great  climatic  movements  were  Enperiniposed  the 
minor  climatic  rhythms  and  from  them  must  be  separated  the 
effects  of  the  crustal  movements.  In  the  continental  interior, 
the  region  of  shallow  seas,  the  effects  of  diastrophism  are  more 
in  evidence ;  an  unconformity  separating  the  Mississippian  and 
Pennsylvanian  and  the  latter  exhibiting  progressive  overlap. 
The  great  thickness  of  the  Pennsylvanian  deposits  of  the  south, 
measured  by  many  thousands  of  feet,  following  the  limestones 
of  the  Mississippian  and  the  black  shales  of  the  Devonian,  also 
testifies  to  great  crust  movements  during  the  Pennsylvanian  in 
those  regions.  The  Pennsylvanian  deposits  of  the  Acadian 
and  Boston  basins  seem  also  to  imply  orogenic  movements  of 
considerable  magnitude  in  the  north. 

The  facts  which  have  been  previously  cited  regarding  the 
formations  in  eastern  Pennsylvania  seem,  however,  to  corre- 
spond most  largely  to  a  climatic  cause.  The  far-carried  con- 
glomerates and  sandstones  of  the  Pottsville  associated  with 
some  black  shales  and  coal ;  to  a  lesser  degree  the  same  rela- 
tions in  the  Pocono,  contrast  with  the  absence  of  conglom- 
erates in  the  Mauch  Chunk,  and  the  presence  there  of  thick 
red  shales  and  the  marks  of  aridity.  In  the  Oatskill  these 
features  resemble  the  Mauch  Chunk  but  conglomerates  are  not 
wholly  absent  on  the  east  and  the  indications  in  the  red  shales 
are  those  of  semi-aridity.  The  climatic  control  which  explains 
these  relations  of  conglomerates  and  shales  also  points  strongly 
in  consequence  toward  the  former  existence  of  a  piedmont 
plain,  now  eroded,  which  during  the  Catskill  and  Mauch 
Chunk  epochs  became  a  storehouse  of  siliceous  gravelly  waste, 
which  by  the  stronger  rivers  of  the  Pocono  and  Pottsville 
epochs  was  spread  over  the  delta  plain  and  given  to  the  waves 
of  tlie  shallow  sea.  The  amonnt  eroded  from  the  Piedmont 
slope  was  but  a  fraction  of  the  volume  of  the  whole  deposit. 
It  was  that  amount  which  was  contained  between  the  stable 
river  grades  before  and    after  the  climatic  change.     The 
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greater  part  of  tlie  piedmont  remained  unaffected  save  by 
cruatal  uplift,  since  it  originated  as  a  consequence  of  cnistal 
downwarpiog  in  front  of  the  mountains  and  all  but  its  npper 
deposits  were  below  any  possible  river  base-level.  The  con- 
glomeratic meml>er8  of  the  Pocono  and  Pottsville  are,  how- 
ever, hundreds  of  feet  thick  in  eastern  Pennsylvania,  growing 
finer  and  thinner  westward,  but  covering  originally  many 
thousands  of  square  miles.  Their  volume  implies,  therefore, 
the  former  presence  of  a  piedmont  as  wide  and  ae  high  above 
Eea  level  as  has  been  indicated  by  the  other  lines  of  evidence. 
The  theory  of  the  relatione  of  climatic  cycles  to  cycles  in 
sedimentation  converges  to  the  same  conclusion  as  the  other 
lines  of  evidence  regarding  the  former  existence  of  a  wide  pied- 
mont slope  constitnting  an  eastern  side  to  tlie  Appalachian 
geosyncline. 

VoLUHB  AND  Sources  of  Uppbr  Dkvonian  Sediment. 

Of  the  volume  of  sediments  deposited  in  the  Appalachian 
geoByncline  daring  Middle  and  Upper  Devonian  time,  Willis 
states: 

"  If  this  mass  with  approximately  the  dimensions  with  which 
it  was  deposited  in  the  sea,  could  be  restored  upon  a  sea-level 
plain  of  Appalacbia,  it  would  constitute  a  mountain  ranee  closely 
resembling  in  height,  extent  and  mass  the  Sierra  Nevada  of 
California."* 

The  writer  has  computed  from  the  data  shown  in  fig.  1 
{p.  89)  the  original  volumes  of  sediment  within  an  area  bounded 
by  lat.  39*  30'  on  the  south,  43°  on  the  north,  and  from  the 
original  eaatern  margin  to  long.  80°  30'  on  the  west.  "Within 
this  area  the  map  by  Willis  indicates  a  volume  of  55,000  cubic 
miles.  The  Middle  Devonian  comprises  about  one-tifth  of 
this,  leaving  44,000  cubic  miles  for  the  Upper  Devonian.  On 
the  map  accompanying  the  present  article  there  is  shown 
within  tnese  boundaries  63,000  cubic  miles  of  Upper  Devonian 
sediment,  an  increase  of  43  per  cent  over  the  estimate  by 
Willis.  Allowing  for  the  extension  which  the  present  writer 
has  given  to  the  north  the  present  estimate  becomes  readily  as 
much  as  50  per  cent  greater  than  the  previous.  This  is  an 
impressive  measure  of  the  volume  of  the  adjacent  land  which 
was  eroded  in  Upper  Devonian  times.  But  it  is  a  minimum 
measure,  since  that  part  of  the  rocka  which  was  taken  into 
solution  was  carried  farther  away,  and  of  the  mechanical  sedi- 
ments it  represents  only  that  part  which  was  carried  westward 
into  the  trap  of  the  geosyncline, 

■Psleozoic  Appalachin,  Hd.  Oeol.  Sarv.,  vol.  iv,  Ft.  I,  p.  63,  1900. 
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An  adeqnate  geologic  Bonrce  for  this  volume  of  material 
mast  be  sought.  In  part  the  eatid  and  claj  may  have  come 
from  a  distance  of  hnndreds  of  miles,  bnt  the  gravels  and  the 
feldspar  sand  indicate  that  mnch  of  it  was  from  a  nearby 
moantainons  tract  whose  rochs  were  in  large  part  of  qiiartzitee, 
gneisses  and  granites.  The  questions,  therefore,  arise, — how 
far  away  was  the  field  of  great  erosion  !  From  what  direction 
were  derived  the  Upper  Devonian  sediments?  Did  they  come 
from  New  England  and  enter  the  geosyncline  by  way  of  the 
Catskill  Mountain  region,  did  they  come  from  some  other  dis- 
tant source,  or  were  they  poured  in  from  a  longitudinal  land 
mass  lying  along  the  southeastern  side  of  the  geosyncline  ? 

If  attention  were  confined  to  those  lands  now  above  the  sea 
and  to  the  portion  of  the  Upper  Devonian  rocks  still  nneroded, 
a  derivation  of  the  sediment  from  the  northeast  would  be 
favored.  There  is  in  New  England  a  broad  region  of  meta- 
morphic  rock's  and  the  Upper  Devonian  sediments  still  uneroded 
show  further  that  subaerial  conditions  began  to  prevail  first  in 
eastern  New  York,  gradually  advancing  westward  and  south- 
westward.  A  closer  examination  shows,  however,  that  these 
facte  are  not  real  evidences  of  a  derivation  from  the  northeast 
The  strike  of  the  New  England  rocks  is  southward  under  the 
snbmei^d  portion  of  the  Coastal  Plain.  The  Coastal  Pluin 
deposits  rest  on  a  surface  which  indicates  profound  erosion 
previons  to  Comanche  time.  The  fact  that  the  Coastal  Plain 
m  southern  New  England  is  diagonal  to  the  structure  and  hides 
the  older  basement  to  the  south  indicates  the  lack  of  relation 
to  the  distribution  of  lands  in  Paleozoic  time.  The  structure 
of  that  liasement  \&  the  more  significant  feature. 

The  Catskill  shore  line  advanced  westward  during  the  Upper 
Devonian  past  the  axis  of  deepest  and  most  rapid  subsidence 
and  encroached  on  the  less  rapidly  subuiding  sea  bottom 
beyond.  This  is  trae  in  New  York,  in  Pennsylvania,  and  in 
Maryland.  If  the  sediment  had  been  derived  from  the  north- 
east the  advancing  shore  line  would,  on  the  contrary,  have  been 
different  from  what  is  observed  to  be  the  case.  The  great 
zone  of  subsidence  in  southeastern  Pennsylvania  would  have 
long  remained  as  sea.  The  shore  line  would  have  trended  east 
ana  west,  advancing  south,  and  a  terrestrial  phase  in  Maryland 
would  have  been  deferred  until  tlie  marine  phase  had  entirely 
disappeared  to  the  nortli.  On  the  contrary,  the  Pawpaw- 
Kancock  quadrangles  show  that  the  Catskill  conditions  in 
Maryland  appeared  in  full  force  on  the  east,  where  lay  the 
zone  of  greatest  subsidence,  before  they  encroached  westward. 
The  Catskill  beds  are  also  much  thicker  to  the  east,  being 
given  as  3800  feet  in  the  eastern  part  of  the  Hancock  quad- 
rangle and  thinning  to  2000  feet  within  a  distance  of  15  to  20 
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miles  northwest.*  The  delta  in  Maryland  and  southern  Penn- 
sylvania grew,  therefore,  from  the  southeast  against  and 
past   the   zone   of    maximum    depressioD.     From    the  south- 


it,   consequently,  the  sediment  was   brought  and  in   great 

lume.     The  appearance  of  the  subaeria)  conditious  first  in 

eastern  New  York  is  adequately  accounted  for,  first,  by  the 


more  rapid  subsidence  of  tlie  basin  in  Pennsylvania;  and 
second,  the  subsequent  erosion  there  of  its  whole  sontheastern 
side,  where  terrestrial  deposition  must  have  prevailed  before 
it  reached  the  middle  of  the  basin.  After  the  subaerial  condi- 
tions became  established  in  eastern  Pennsylvania  as  far  as  the 
region  of  greatest  thickness  the  advance  of  the  shore  line  was 
northwestward,  contrasting  with  the  initial  western  advance  in 
New  York. 

The  gradation  in  the  coarseness  of  the  sediments  i^crees  with 
the  indications  of  the  shore  lines.  It  is  the  eastern  outlier 
which  shows  the  only  striking  conglomerates.  In  the  main 
areas  the  gray  sandstones  with  fine-grained  conglomerates  dom- 
inate on  the  eastern  side  of  the  southern  anthracite  basin, 
far  removed  from  the  re^on  of  the  Catskill  Mountains.  In 
Maryland  the  eastern  outcrops  show  a  less  arenaceous  nature 
than  do  the  eastern  outcrops  in  central  Pennsylvania,  but  on 
the  strike  of  the  later  folding  they  correspond  to  a  more 
western  part  of  the  formation  in  Pennsylvania.  A  wider 
eastern  zone  may  therefore  have  been  eroded  in  Maryland,  . 
following  the  Permian  folding.  The  sediment  did  not  how- 
ever come  from  the  region  of  the  present  Sonthern  Appa- 
lachians, since  marine  conditions  prevailed  longest  in  the  south, 
the  Catskill  disappears  in  Virginia,  and  in  Tennessee  the  Upper 
Devonian  is  represented  merely  by  a  thin  black  shale.  In 
general  tlie  Paleozoic  sediments  of  the  Appalachian  geosyn- 
cline  do  not  show  transportation  along  its  axis  from  the  north 
or  south,  but  transference  into  it  from  a  land  parallel  with  it. 
The  axis  of  upwarp  and  that  of  downwarp  seem  in  fact  to  have 
been  genetically  related,  as  is  so  commonly  the  case  in  the 
present  mountain  chains. 

The  indications  given  by  the  directions  of  delta  growth, 
thickness  of  the  Cauhill  beds,  and  the  gradations  in  their 
texture,  are,  therefore,  that  the  sediment  was  brought  in  along 
the  whole  front  of  the  geosyncline  by  more  than  one  river  and 
from  the  southeast  as  well  as  the  east  and  possibly  northeast. 
The  result  was  a  confluent  piedmont  plain  and  delta  front 
building  ont  a  terrestrial  coastal  plain.  More  detailed  study 
may  be  able  to  locate  the  several  centers  of  principal  delta 
growth. 

■StoM  txA  Sohwarti,  U.  S.  Geol.  Sorv.,  Folio  179,  pp.  IS,  18,  1*12. 
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The  rivers  do  not  appear  to  have  been  great  continental 
water-ways.  Such  are  far  apart  in  their  mouths,  correspond- 
ing to  the  eize  of  tlieir  drainage  basins.  The  bulk  of  tlie  Bedi- 
ment  of  snch  rivers  is  mud  and  silt.  They  corrade  their  way 
across  mountains  at  a  low  grade  and  would  not  be  capable  of 
hnildins  sloping  piedmont  plains.  Furthermore  the  coarse- 
ness of  tlie  quartzite  bowlders  in  the  Skunnemunk  conglomerate 
is  such  that  rivers  probably  did  not  carry  them  from  the  moun- 
tains more  than  75  or  100  miles.  For  the  sources  of  erosiun 
we  must  look  east  and  southeast  from  the  geosynclioe,  toward 
a  parallel  and  not  far  distant  mountainous  land. 

Let  the  attention  be  turned  next  from  the  sediments  to  the 
terranes  beyond  which  could  have  supplied  them.  The 
geologic  maps  show  that  within  the  zone  once  covered  by  the 
Devonian  piedmont  gravels,  Cambrian  and  Ordovician  rocks 
still  remain  over  considerable  areas,  and  evidence  has  been 
given  that  the  pre-Cambrian  ridges  of  gneiss  east  of  the 
Schuylkill  river  were  mostly  mantled  by  younger  formations 
up  to  Jurassic  times.  West  of  the  Schuylkill  the  prevailing 
formations  within  the  original  Upper  Devonian  limits  are 
Ordovician  rocks.  Even,  therefore,  if  previous  arguments  had 
not  indicated  that  this  zone  was  a  region  of  deposition,  it  could 
not  be  regarded  as  a  field  of  supply  for  an  appreciable  portion 
of  the  sediment. 

Passing  next  to  a  zone  to  the  cast  of  the  last  and  beginning 
at  the  north,  it  is  to  be  noted  that  the  pre-Cambrian  rocks  m 
the  Green  Mountains  are  of  comparatively  small  areas.  As 
far  east  as  the  valley  of  the  Connecticut  and  as  far  sonth  as 
New  York  city,  large  areas  of  Cambrian  and  Ordovician 
schists  remain.  South  and  east  of  New  York  City  the  ocean 
and  the  deposits  of  the  Coastal  Plain  largely  conceal  the  older 
structures ;  but,  beginning  at  Trenton  on  the  Delaware  River, 
the  ancient  rocks  reappear  between  the  Triassic  and  Com- 
manche  overlaps,  constituting  an  exposure  of  gneisses  and 
granites  widening  southwards  through  Pennsylvania  into 
the  Southern  Appalachians.  Near  the  Delaware  state  line, 
however,  a  few  outliers  of  Cambrian  quartzite  and  limestone 
still  remain,  and  immediat«ly  west  are  large  areas  of  metamor- 
phosed Ordovician  rocks.  Tliis  exposed  belt,  about  25  miles 
wide,  certainly  suffered  very  considerable  erosion  in  early 
Triassic  and  again  in  Jurassic  times.  There  is  no  evidence 
that  it  was  covered  by  Upper  Devonian  sediments,  but  neither 
could  it  have  suffered  much  from  Upper  Devonian  erosion. 
Thus,  by  a  process  of  exclusion,  for  the  zone  of  mountains 
which  supplied  this  waste  we  must  look  farther  to  the  eastward, 
at  least  as  far  as  eastern  Connecticut  and  tiie  region  now  ovei^ 
lain  by  the  strata  of  the  Coastal  Plain.     This  could  have  been 


DcillizedoyGOOJ^IC 


AppaUaohian  Oeosyndine.  247 

bnt  the  margin  of  the  vast  volume  eroded;  the  land  now  hid- 
den beneath  the  waters  of  the  ocean  must  have  been  the  chief 
eonrce  of  supply.  In  Maine,  New  Brunswick,  and  Nova 
Scotia  i^Deous  activity  is  known  to  have  prevailed  in  the 
Devonian.  The  roeks  of  these  provinces  and  of  Newfound- 
land, the  latter  structurally  the  eastern  outpost  of  the  con- 
tinent, strike  southeastward  under  the  sea  and  toward  the 
region  from  wliich  presumably  came  the  sediments  of  the 
Catskill  formation.  It  would  seem  further  that  to  sach  a  zone 
beyond  the  margin  of  the  Coastal  Plain  of  New  Jersey  mnst 
we  look  to  locate  t)ie  source  of  the  great  volume  of  gray 
quartzites  which  supplied  the  pebbles  of  the  Skunnemnnk 
conglomerate.  No  adequate  formation  is  known  to  the  east 
upon  the  land,  but  pebbles  of  Cambrian  quartzite,  thought  to 
have  come  from  the  east,  are  found  in  the  Carboniferons  con- 
glomerates of  Rhode  Island  and  from  that  direction  Wood- 
worth  thinks  probably  came  the  greater  volume  of  material 
which  filled  the  Rhode  Island  basin. 

Lack  op  Relation  of  Appalachia  to  tiibContiitbntalS[iblf. 

The  Control  by  the  Continental  Shelf  on  Paleogeo- 

graphic  Maps. 

The  doctrine  of  the  permanence  of  the  continental  platforms 
has  been  held  rigidly  by  many  American  geologists.  Starting 
in  the  past  century  with  the  recognition  of  the  evidence  that 
the  continents  have  never  been  the  beds  of  deep  oceans,  but 
have  been  flooded  merely  by  shallow  seas ;  the  corollary  was 
attached  that  consequently  the  beds  of  the  deep  oceans  had 
never  been  land  surfaces.  Yet  this  is  not  a  necessary  con- 
sequence of  tlie  original  proposition  and  has  in  reality  no 
similar  direct  evidence  to  support  it;  except  that  basins  must 
have  existed  sufficiently  lai^e  m  former  ages  to  hold  the  ocean 
waters  which  were  then  upon  the  earth.  But  in  the  balancing 
of  losses  and  gains  to  which  the  surficial  water  is  subject,  it 
appears  probable  that  the  gains  have  notably  exceeded  the 
losses  through  geologic  time.  To  a  somewhat  greater  degree 
than  this  the  ocean  basins  can  have  increased  in  volume. 

As  evidence  opposed  to  the  hypothesis  of  an  unchanging 
form  of  the  ocean  basins,  many  examples  have  been  noted  of 
extinct  and  living  faunas  showing  their  closest  affinities  on  the 
opposite  sides  of  present  ocean  basins,  or  isolated  on  oceanic 
islands.  The  affinities  are  so  special  in  some  cases  that  many 
even  of  the  strongest  adherents  of  the  doctrine — that  both  con- 
tinents and  oceans  have  always  been  outlined  in  their  present 
relations — admit  some  degree  of  connection  of  former  lands. 
Yet  where  land  bridges  are  not  required,  paleogeographic  maps 
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have  held  rather  closelj  to  the  present  margins  of  the  con- 
tinental platforms.  In  the  absence  of  evidence  of  a  former  ex- 
tension of  the  land  beyond  these  margins  this  procedure  is  no 
doubt  the  wisest  and  without  it  as  a  point  of  departure  each 
different  map  would  represent  guess  work  and  not  scieDce. 
But  undue  importance  finally  becomes  attached  to  a  conclusion 
for  which  there  is  only  negative  evidence.  Thus  it  has  been 
customary  to  regard  the  land  of  Appalachia,  which  through  the 
Paleozoic  shed  sediments  westward  into  the  geosyncline,  as 
confined  to  the  area  of  the  present  continental  platform, 
although  from  Nantucket  to  North  Carolina  the  submerged 
shelf  to  the  hundred  fathom  line  is  hat  approximately  75  to  80 
miles  in  width. 

Breadth  of  Appalachxa   implied  by  the   Volume  of  SedimenU. 

The  present  iuvestigation  tends  to  limit  the  fields  of  erosion 
during  the  Upper  Devonian  to  those  ancient  terranes  now 
hidden  beneath  the  Coastal  Plain  and  the  sea,  leaving  a  width 
of  not  more  than  125  miles  opposite  Pennsylvania  to  supply 
the  great  volume  of  sediments.  In  fact,  if  it  be  asBumed  of 
such  a  marginal  region  that  half  of  its  width  sited  its  waste 
eastward  into  the  Paleozoic  Atlantic,  it  leaves  a  maximum  width 
of  but  60  miles,  to  have  yielded  the  sediments  which  in  the  TTpper 
Devonian  alone  were  greater  in  volume  than  the  entire  Sierra 
Nevada.  Over  New  England  the  available  zone  within  the 
limits  of  the  continental  platform  was  much  wider,  but  reasons 
have  been  given  for  believing  thata  large  supply  of  the  Upper 
Devonian  sediment  of  Pennsylvania  and  Maryland  came  from 
the  east  and  southeast. 

If  the  present  margin  of  the  continental  platform  has  held 
approximately  its  present  place  since  the  Upper  Devonian,  as 
many  paleogeograpliic  maps  imply,  it  means,  allowing  for  a 
certain  breadth  oi  siielf  at  that  time,  that  Appalachia  mnst 
have  been  still  further  restricted  in  width.  As  a  quantitative 
test  of  such  a  view  assume  Appalachia  from  Khode  Island  to 
Virginia  to  have  been  a  mountain  system  100  miles  wide. 
Consider  it  an  isosceles  triangle  in  vertical  cross  section,  and 
saving  as  much  waste  to  the  east  as  to  the  west.  The  Upper 
I)evonian  sediments  between  lat.  39°  30'  and  13°  and  east  of 
long.  80°  30',  approximately  the  limits  of  the  map,  fig.  1, 
are  computed  to  have  had  an  original  volume  of  63,000 
cubic  mites.  Neglecting  the  outlying  portions,  altliongh 
these  are  of  great  thickness  in  West  Virginia ;  assume  that 
this  sediment  is  eqnal  to  the  volume  eroded  from  the  western 
side  of  Appalachia  over  a  length  of  500  miles,  from  southern 
Maine  to  the  coast  of  southern  Yii^inia, —  the  sediment  thus 
converging    into   the   geosyncline.     The  computation   shows 
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tbat  the  crest  of  Appalschia  wonld  have  had  to  be  lowered  five 
miles  to  supply  this  much  of  the  Upper  Devonian  sediments. 
It  is  seen  from  the  assamptions  that  this  is  a  minimum  estimate 
and  might  readily  be  increased  fifty  per  cent  or  more.  The 
easiest  escape  from  these  quantitative  difficulties  is  to  conclude 
that  there  is  no  relation  between  the  Atlantic  boundaries  of 
Appalachia  and  the  present  coastal  shelf.  It  would  seem  tliat 
the  Upper  Devonian  slopes  leading  toward  the  geosyncline 
was  probably  as  much  as  100  miles  wide  instead  of  fifty  miles 
as  assumed  and  that  the  divide  of  the  drainage  was  at  least  as 
far  east  as  the  present  100  fathom  line  southeast  of  Long 
Island  and  New  Jersey.  The  eastern  slopes  of  Appalachia  in 
that  case  existed  where  now  is  deep  ocean.  The  disproportion 
between  the  volnme  of  the  sediments  in  the  geosyncline  and 
the  present  area  of  the  continent  to  the  southeast  emphasizes 
the  query  raised  by  Gilbert  in  1892,  whether  Appalachia  must 
not  nave  extended  into  the  present  ocean  basin  in  order  to 
provide  an  adequate  sonrce  for  the  Paleozoic  sediments.* 

llie  Shelf  a  Terrace  of  Pott-Paieozoic  Construction. 

As  another  line  of  investigation  bearing  upon  the  problem, 
the  nature  of  the  continental  shelf  should  be  considered. 

Ocean  waves  are  known  to  have  a  perceptible  effect  to  a  depth 
of  about  100  fathoms,  planing  away  the  shore  and  the  higher 
parts  of  the  bottom,  carrying  the  products  of  fiuviatile  and 
■narine  erosion  outward  to  deeper  water.  The  waves  move 
material  along  the  bottom  and  prevent  the  settling  of  the 
finest  silt  until  the  limit  of  wave  action  is  reached.  Beyond 
that  limit  the  bulk  of  the  material  is  rapidly  deposited 
from  suspension.  In  protected  situations  this  depth  becomes 
le^s  and  in  many  places  is  not  over  fifty  fathoms.  There  is 
thus  built  outwards  around  the  continents  a  suhaqueoas  terrace, 
its  top  gently  sloping  to  the  depth  of  100  fathoms  or  less,  its 
front  much  steeper  in  comparison,  and  giving  sharpness  to 
the  continental  margin.  The  doctrine  of  the  permanence  of 
this  line  through  geologic  time  implies  that  the  constructional 
additions  are  insignificant.  But  the  volumes  of  sediments 
which  age  after  age  have  been  poured  into  continental  geosyn- 
clines  must  correspond  tootbervolumessweptout  to  the  borders 
of  the  ocean  basins.  Unless  isostutic  sinking  under  the  load  of 
sediment  compensated  proeressively  for  the  outbuilding  of  the 
terraces,  the  continental  shelves,  if  ancient  lineaments,  would 
have  widened  on  the  average  by  some  hundreds  of  miles  during 
the  course  of  geologic  time.     If  there  is  isostatic  sinking  it  is 

•ConHnental  Problems,  Geol.  Soo.  Am.,  Bnll.,  W,  187.  1883. 
pTofeBBor  QTBbitD  also  baa  called  attention  to  this  eigniDeance  of  the  great 
vohime  of  Paleoiolo  eedimenta. 
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not  so  pronounced  ae  to  mask  the  conetnictional  nature  of  tbe 
terrace,  as  shown  hy  the  relation  of  its  upper  surface  to  wave 
action.*  To  what  extent  then  are  the  continental  terraces 
constructional  features  controlled  by  erosion  and  sedimentation, 
and  what  are  the  limits  which  isoetasy  places  npon  them  I  The 
answer  must  satisfy  the  evidence  of  both  geologic  and  geodetic 
nature.  Itwill  depend  to  a  considerable  degree  npon  tbe  prevail- 
ing conceptions  on  the  rigidity  of  the  crust,  as  measured  by  tbe 
area  and  tbicknegs  of  load  which  may  be  piled  up  before 
sinking  of  the  foundation  begins  to  keep  pace  with  further 
loading.  In  order  to  gain  such  an  answer  tbe  writer  has 
investigated  the  subject  under  a  separate  title,  f  The  results 
derived  from  both  geologic  and  geodetic  evidence,  contrary  to 


some  recent  statements,  indicate  that  the  crust  now  sustains  iu 
places  loads  represented  by  several  thousand  feet  of  rock  over 
areas  of  several  tens  of  thousands  of  square  miles.  Judged  by 
this  measure  it  is  quite  possible  that  the  ooutinental  shelves  may 
be  in  places  constructional  features  built  far  outward  and 
upward ;  changing  what  would  otherwise  be  a  gentler  slope 
from  continental  platform  to  ocean  basin  into  a  pronounced 
suhaqueoiis  sbelf  and  steeper  distal  slope. 

In  the  light  of  this  possibility,  attention  may  be  turned  to 
the  actual  evidence  and  the  inferences  from  that  evidence 
as  given  by  the  Atlantic  Coastal  Plain  and  its  extension 
in  tliat  part  of  the  continental  shelf  southeast  of  Peonsylvania 
and  Maryland.  It  is  a  region  which  has  been  free  from 
folding  since  the  Permian,  from  fracturing  since  the    Middle 

*  pTofeaaor  T.  C.  ChambeTlin  haa  diacussed  in  carrent  articles  the  signift- 
CKuce  of  thii  BQr^e  ot  wave  pUnation  a»  ahowing  a  lack  of  control  by  diaa- 
tiophism.     See  especially  Jonr.  of  Geol.,  vol.  ii<,  pp.  633-533.  1913. 

t  Tube  pnbliehed  in  the  Journal  of  Oeolog; under  the  title, —  "The  Strength 
of  the  Enrtb'a  Cmat." 
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Mesozoic;  and  the  rivere  dnring  later  time  have  carried 
to  the  seaboard  great  quantities  of  eedimentE.  Wells  penetrat- 
ing the  water-bearing  strata  show  that  a  progressive  tilting  has 
gone  forward  since  the  close  of  the  Jurassic,  depressing  under 
the  Coastal  Plain  the  erosion  surface  of  Jurassic  age  and 
elevating  the  Appalachians.  Tiie  iuformatioti  is  most  complete 
in  Virginia  on  an  east-west  section,  shown  in  fig.  5,  passing 
throQgh  Richmond  and  Fortress  Monroe.  These  two- localities 
are  on  the  two  sides  of  the  emerged  portion  of  the  Coastal 
Plain  and  72  miles  apart.  At  Fortress  Monroe  a  deep  well 
entered  the  crystalline  floor  below  the  sediments  of  the  Potomac 
group  at  2246  feet  below  sea  level.  The  fresh-water  beds  of 
the  Potomac  are  given  tliere  as  1300  feet  in  thickness,  much 
thicker  than  at  the  outcrop.  Numerous  wells  near  the  margin 
show  that  the  crystalline  basement  has  erosional  irregularities 
amounting  to  several  hundred  feet.  Their  inflnence  is,  nowever. 
practically  eliminated  on  this  section  because  of  the  great  depth 
of  the  well  and  its  distance  from  the  margin  of  the  Coastal 
Plain.  No  warping  apart  from  the  minor  irregularities  is 
indicated  between  Richmond  and  Fortress  Monroe  as  shown  on 
the  structure  section  recently  published  by  the  Virginia  Geolog- 
ical Survey.  *  The  Potomac  formations,  because  of  their 
fresh-water  nature,  have  been  held  by  many  geologists  to  have 
originated  in  an  estuary.  Of  a  seaward  barrier  there  is,  however, 
no  evidence.  They  are  seen  to  thicken  as  far  east  as  there  is 
auy  information  and  the  exposed  sediments  are  best  interpreted 
as  the  landward  side  of  a  delta  plain  skirting  the  rising 
Appalachians  and  built  from  their  waste.  +  The  erosion  from 
the  rising  side  and  the  deposition  on  that  which  was  sinking 
would  tend  to  promote  the  tilting.  The  building  ontward  of 
the  continental  terrace  would,  from  the  standpoint  of  isostatic 
adjustment  produce  the  greatest  sinking  of  the  floor  under 
the  outer  part  of  the  terrace,  for  there  the  departure  from 
isostatic  compensation  is  greatest.  Such  a  curve  to  the  Potomac 
floor  is  furthermore  shown  by  fig.  5  to  be  necessary  in  order  to 
carry  the  floor  beneath  the  foreset  slope  of  sediments.  The 
tidjastments,  however,  might  be  by  distributive  faulting  instead 
of  the  smooth  curve  which  is  sliown.  It  might  further  be 
largely  due  to  internal  movements  which  work  in  the  direction 
of  eDlat^ing  the  ocean  basin,  and  the  sediments  in  that  case 
may  keep  the  surface  far  above  isostatic  compensation. 

From  these  several  lines  of  argument  it  is  to  be  conclnded 
that  the  Atlantic  continental  shelf  %  a  subaqueous  terrace  built 

'SAinnel  SaDford  :  The  TTnderground  Water  ResoDTces  of  the  Coastal 
n>in  ProvlDce  of  rirginla,  Ball.  No.  5,  a^.  6.  1B13. 

f  Pot  a  fnller  dlacnuion  of  this  view  see  Bnrre)!,  Criteria  for  the  Recc^niUoa 
of  Ancient  Delta  Oepoaiti,  Bull.  Geo!.  Soc.  Am.,  xxiii,  406-411,  1913. 
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out  since  the  Jurassic  and  extending  the  platform  toward  limits 
Bet  by  the  resistaDce  of  tlie  crust.  The  Dorm&l  slope  from  the 
Appalachians  to  the  ocean  basin  would  in  the  present  period 
be  a  much  smoother  and  more  gently  sloping  curve,  altbough 
quite  probably  above  the  present  level  of  the  crystalline  floor, 
if  surface  agencies  had  not  planed  across  the  piedmont  on  the 
one  side  and  built  out  the  stielf  on  the  other.  The  surface  of 
the  latter  holds  then  no  relation  to  the  limits  of  Paleozoic 
Appalachia. 

The    Ocean  Baaitu  widened  bt/  Continental  Fragmentation. 

The  preceding  arguments  lead  to  the  concluiiion  that  the 
ocean  oaein  has  advanced  inland  since  tbe  close  of  the 
Paleozoic  and  that  the  seat  of  a  part  of  the  ancient  land  is 
now  deep  ocean. 

This  is  in  accord  with  the  views  of  Sness,  who  holds  that  the 
Atlantic  and  Indian  oceans  cut  across  the  Paleosoic  stmctnres 
and  indicate  a  breaking  down  of  the  continental  platforms  since 
those  structures  were  made.  It  is  known  also  that  close  faunal 
relationships  have  existed  in  the  past  between  northwestern 
Europe  and  northeastern  America,  implying  some  path  of 
migration.  On  the  maps  by  American  geologiste  such  a  bridge  has 
been  shown  as  a  more  or  less  narrow  connection  circling  Davis 
Strait  and  utilizing  Greenland  and  Iceland  as  piers  supporting  a 
narrow  causeway  between  North  America  and  Europe.  The 
structural  evidence  which  has  been  considered  would  seem  to 
show  that  such  connecting  lands  may  have  been  broader  and  more 
like  the  areas  of  the  adjacent  continental  platforms,  of  which 
they  in  fact  formed  tlien  a  portion :  at  times,  flooded  in  part  by 
shallow  sea;  at  times,  in  part  the  seat  of  ancient  mountains. 
Conclusion  on  Appalachia  in  the  later  Paleozoic. 

The  old-laud  of  Appalachia  during  the  Paleozoic  tended  to 
be  a  broad  and  mountamons  upland.  West  of  it  was  the  trough 
into  which  much  of  its  waste  was  poured.  As  in  the  Eurasian 
mountain  system,  when  this  trough  collapsed  it  was  nnderthrnst. 
Appalachia  was  overthrnst  against  it.  The  eastward-dipping 
folds  and  faults  and  the  greater  uplift  and  consequent  erosion 
on  the  eastern  side  of  the  geosynclme  were  in  response  to  this 
relation  of  anticlinorium  and  synclinorium  and  not  to  a  thrust 
from  the  ocean.  The  ocean  in  fact  need  have  had  no  more  direct 
connection  than  it  had  in  the  Laramide  overthnisting  of  the 
front  ranges  of  the  Kocky  Mountains  upon  the  Great  Plains  in 
the  center  of  the  North  American  continent,  or  the  Neocene 
overthrasting  of  the  Himalaya  upon  the  plains  of  India, 

The  general  conclusion  to  this  article  which  perhaps  is  most 
impressive  is  that  regarding  the  magnitude  in  breadth  and  to 
vertical  relations  of  the  ancient  orographic  elements  and  the 
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changes  which  each  Bucceseive  a^e  has  wrought.  The  record 
has  been  interpreted  in  terms  of  the  {Treat  Tertiary  mountain 
sjetems  of  Eurasia,  consisting  of  their  overthmst  strnctBres, 
piedmont  slopes,  waste-filled  hasins,  and  delta  plains, — as  the 
tnembere  of  a  greater  aystem,  each  part  bearing  relations  to  the 
other.  The  fragmentary  remains  of  late  Paleozoic  Appalachia 
and  its  waste  which  still  exist,  when  pieced  together  in  accord- 
ance with  this  pattern,  rise  to  equal  grandeur.  An  orogenic 
era  began  in  Appalachia  in  the  Devonian  and  spread  as  time 
went  on.  Great  as  was  the  Upper  Devonian  mountain  building, 
it  was  limited  and  was  only  premonitory  of  the  greater,  wider 
movements  of  the  Pennsylvanian.  During  the  Upper  Devonian 
the  interior  waters  facing  the  southern  Appalacniaus  received 
only  meager  supplies  of  sediment.  The  crust  was  there  at  rest. 
But  with  the  coming  of  Pennsylvanian  times  the  mountain 
Bvstem  lengthened  to  the  southwestward  and  its  curving  arc 
tually  embraced  as  far  as  Texas  the  interior  continental  basin 
into  which  it  poured  its  waste.  The  Permian  witnessed  only 
the  final  collapse  of  the  interior  geosynclines  and  the  inward 
march  of  the  conquering  mountains.  The  Appalachian  revolu- 
tion began  in  reality  in  the  Middle  Devonian,  the  first 
mountain  bulwarks  being  thrown  up  on  the  far  eastern  side 
of  the  Appalachian  system  and  to  the  north.  There  in  Maine, 
New  Brunswick,  and  Nova  Scotia  granitic  intrusions  and 
volcanic  outpourings  of  Devonian  age  took  place  and  in  tlie 
nearby  basins  the  waste  resulting  from  uplift  was  laid  down. 
The  soathem  part  of  that  system  supplied  the  debris  which 
filled  the  geosynctine  in  Pennsylvania. 

Our  knowledge  of  the  Appalachians  as  a  distinct  mountain 
system  begins  with  the  opening  of  the  Cambrian,  The  ba^^al 
formations  of  the  Cambrian,  or  late  pre-Cambrian,  thousands 
of  feet  in  thickness,  are  geosyncHnal  deposits  whose  volume 
testifies  to  the  destruction  of  great  mountains  to  the  east. 
Lesser  movements  took  place  at  intervals  and  one  of  consider- 
able magnitude  at  the  close  of  the  Ordovician.  These,  how- 
ever, were  relatively  brief  and  minor  orogenic  manifestations. 
They  were  separated  and  obliterated  by  periods  of  prolonged 
quiet  and  erosion.  They  were  more  comparable  in  character 
to  the  movements  of  the  Mesozoic  and  Cenozoic  and  do  not 
rise  to  the  prolonged  growth  and  culmination  of  those  greater 
revolutions  which  preceded  and  closed  the  Paleozoic  Era. 
The  latter,  because  of  its  completer  record,  has  become  known 
as  The  Appalachian  Bevolution  and  its  earlier  development  in 
the  Upper  Devonian  has  been  traced  in  this  paper. 

The  Devoaian  mountains  are  gone,  and  where  once  they  rose 
in  defiant  height  their  very  foundations  ore  broken  and  buried, 
but  in  remnants  of  formations  bom  of  destruction  we  may 
read  the  epitaph  which  records  their  greatness. 

Tale  UoWenitj,  Deo.  2,  IQIS. 
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Aet.  XVIII. — Paleogeographical  Affinities  of  the   Alexan- 
drian Series ;   by  Chables  KKTEa. 

No  more  illuininating  example  exists  emphasizing  the  urgent 
need  of  directly  applying  the  broader  paleogeographical  prin- 
ciples to  the  solution  of  local  problems  in  stratigraphy  than  that 
presented  by  recent  attempts  to  deliminate  sundry  taxonomic 
groups  of  terranes  in  the  continental  interior. 

For  several  reasons  the  Silurian  section  of  northeast  Mis- 
souri, for  instance,  is  particularly  instructive.*^  The  sequence 
is  so  meagerly  represented  that  it  is  all  comprised  within  the 
vertical  limits  of  barely  a  score  of  feet.  The  succession  is 
divided  medially  by  a  marked  plane  of  unconformity.  There 
is,  as  we  now  know,  an  overlapping  of  a  southern  earlier  Silu- 
rian depoeition  by  a  later  nortliern  Silurian  formation.  The 
special  stratigrapuic  significance  of  these  facts  have  a  far-reach- 
ing bearing  ;  and  certain  aspects  may  be  briefly  considered. 

The  section  of  tlie  rocks  in  question  and  their  immediate 
associations  as  displayed  in  the  deep  valley  of  Xoix  creek  and 
elsewhere  in  the  vicinity  of  Louisiana,  in  Pike  County,  Missouri, 
is  essentially  as  follows : 

Silurian  Section  in  Northeast  Missouri. 

7.     Louisiana  limestone 50  feet 

6.     Saverton  shales  (greent  50 

5.     Grassy  (black)  shales  rCABBONiFSROus) 60 

Un  conformity. 
4.     Limestone,    brown    to  reddish,    heavily    bedded 

(Devonian) 10 

Unconformity. 
3,    Limestone,  buff,  massive  (Bowliny  Green,  Silubian)     20 

Unco  iifomi  ity. 
2.     Limestone,   brown,   thinly   bedded,    locally   o5litic 

{Noix  limestone,  Siluhian) 10 

Un  CO  »form  ity. 
1.     Shales,  blue  (Obdovician) 60 

In  this  section  Nos.  2  and  3  constitute  the  Edgewood  for- 
mation of  Savage.f  The  non-oolitic  portion  of  the  first  named 
member  is,  by  the  same  author,  termed  the  Gyrene  limestone.J 
Farther  south,  in  southeast  Missouri,  is  the  Girardeau  lime- 
stone. Together  these  three  beds,  and  some  others  in  norlh- 
eastern   Illmois,  are  grouped   into   the   Alexandrian   6eries,§ 

•Miiwoari  Oeol.  Sarv.,  vol.  Iv,  p.  47,  1894. 

tThiB  JonmJ,  (4).  vol,  iiviii,  p.  517,  1909. 

i  Ball.  a«ol.  Soo.  America,  vol.  xxW,  p.  381, 1918. 

— ■"■   1808. 


i  This  JoniTiBl,  (4),  vol.  zzr,  p.  484,  IBC 
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whicli  is  regarded  of  Early  Silurian  age.  The  Siluri&D  strata 
of  northwestern  Illinois  and  nortbeastem  Iowa  appear  to  be  of 
younger  age. 

When,  several  years  ^o,  the  principal  Missieigippian  section* 
was  deecribed  by  me,  the  Silurian  beds  <r^  the  Louieiana  district 
(Miseoori)  came  in  for  incidental  consideration  only.  Tlie 
brown  limeetone  (Bowling  Green)  was  chiefly  taken  into  ac- 
count, since  the  oolite  was  regarded  as  merely  a  local  and  quite 
unimportant  facies.  In  referring  it  to  the  Niagara  horizon  of 
tlie  Iowa  Ecctionf  the  lithologv  and  lithologie  sequence  had  to 
be  mainly  relied  upon  in  correlation,  because  of  tlie  fact  of  an 
absence  of  fossils  in  it,  and  because  there  were  present  in  the 
associated  oolite  many  typical  Silurian  forms.  Although  evi- 
dences of  unconformable  relationships  were  noted  at  the  time,  it 
was  notnntil  several  years  later  that  the  full  significance  of  this 
feature  was  grasped. 

Approaching  the  problem  from  a  different  direction.  Savage^ 
supplies  us  with  very  complete  and  valuable  data  for  its  correct 
sofntion  ;  but  he  also  gives  as  little  attention  to  the  significance 
of  the  massive  upper  member  as  was  formerly  attached  to  the 
lower  oolitic  layer.  In  consequence  this  autnor  is  induced  to 
throw  the  entire  Silurian  section  of  the  Pike  County  region  into 
a  single  group — the  Edgewood  formation,  and  to  parallel  this 
terrane  with  that  part  of  the  section  of  southeastern  Missouri 
above  the  (rirardeau  limestone,  calling  the  whole  sequence  the 
Alexandrian  series. 

In  the  proposal  of  the  term  Edgewood  formation  for  the 
three  beds — the  Bowling  Green  limestone,  the  Noix  oolite,  or 
local  phase  of  the  member  later  called  the  Noix  limestone  by 
tJlricli,§  and  the  lower  normal  Hmestone  to  which  the  title 
Gyrene  was  given — the  existence  of  the  notable  plane  of 
unconformity  at  the  base  of  the  Bowling  Green  limestone  was 
entirely  overlooked.  It  now  transpires  that  the  stratigrapliic 
afiBoities  of  the  last  mentioned  formation  are  with  the  more 
northern,  or  Iowa,  section,  instead  of  the  more  southern,  or 
southern  Missouri,  section  ;  and  that  its  true  relations  are  with 
Mid-Silurian  rathertban  with  Early  Silurian  terranes.  In  con- 
sequence of  these  facts  Edgewood  Formation  as  a  terranal 
designation  becomes  at  once  invalidated.  By  slight  change  in 
the  original  signification  the  term  Noix,  as  applied  to  a  Time- 
stone  member,  assumes  a  useful  and  valid  role.  The  appella- 
tion Cyrene  limestone  also  becomes  unnecessary. 

Notwithstanding  the  fact  that  as  originally  proposed  |  Alex- 
andrian series  is  manifestly  intended  to  include  strata  belong- 

*  Bull.  Qeol.  Soc.  Ameriea,  vol.  iii,  p.  266,  1892. 
t  This  Journal,  (S),  vol.  xli*,  p.  448.  1893. 
tBnll.  OmI.  Soc.  Amerioa,  vol.  iiir,  p.  8S1,  1B18. 
gBnll.  Geol.  Soc.  Americft,  vol.  xiti,  p.  608,  1911. 
[This  Joonial  (4),  toI.  nv,  p.  434,  1908. 
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ingto  two  distinct  eub-periods  and  that  the  latter  are  Beparated 
by  a  widespread  plane  of  unconforniity,  tliere  is  argent  need 
of  a  serial  term  to  apeciticallr  designate  the  earlv  Silurian 
rocks  of  the  Ozark  region.  There  are  strong  paleogeographi- 
cal  reasons  for  distinguishing  tlie  earlier  transgression  from  the 
sonth  from  a  later  invasion  from  the  norta — Pike  County, 
MisBOnri,  being  a  district  where  th«re  occurred  some  overlap- 
ping. The  broader  or  continental  relations  are  well  indicated 
on  Sehuchert's  maps  of  the  distribution  of  Silurian  rocks.* 
Instead  of  attemptmg  to  further  expand  terminology  unnec- 
essarily, it  seems  to  be  a  step  in  advance  to  retain  if  possible  a 
name  already  in  use,  modifying  its  original  signification  slightly 
to  meet  the  exigencies  occasioned  by  more  recently  discovered 
facte.  In  this  way  the  interests  of  geologic  nomenclature 
appear  best  subserved  and  the  title  Alexandrian  series  becomes 
perfected  as  a  valid  designation. 

Fro.  I. 


The  Early  Silurian,  or  southern,  deposition  in  the  region  is 
thus  represented  by  the  Alexandrian  series;  Mid-Silunan,  or 
northern,  deposition  by  the  Niagaran  series.  In  Iowa  the 
tenn  Niagaran  limestone  has  been  in  years  past  applied,  as  indi- 
cated by  Calvin,t  to  all  of  the  Silurian  section,  or  to  the  upper 
main  body,  or  Goweran  series,  as  suggested  hy  Nortoii,J  of 
which  the  Anamosa  dolomite  is  the  chief  representative.  As 
now  nnderstood,^  the  Niagaran  series  of  that  state  comprises 
only  the  lower  portion  of  the  local  Silurian  section,  represented 
by  the  Sabula,  Colesburg,  Hartwick  ttnd  Monticello  dolomites. 

If  the  invasion  of  tne  Silurian  sea  from  the  north  was 
gradual  and  the  vertical  movement  extensive,  it  is  quite  likely 
that  the  Bowling  Green  limestone  really  represents  the  deposi- 
tion of  Late  Silurian  time  rather  than  of  the  Mid-Sihiriau 
period  ;  and  that  it  is  to  be  associated  with  the  Goweran  series.l 

The  stratigraphic  relationships  under  consideration  are  best 
expressed  in  diagram  (tig.  1). 

■  Bull.  Geol.  Soc.  America,  vol.  xi,  pU.  68  and  67,  1910. 
flowBGeol.  Snrr.,  vol,  itH,  p.  192,  1M7. 
i  Iowa  Qeol.  Sorv.,  vol.  xi,  p.  303,  1901. 
^Proe.  Iowa  Acad.  Soi..  vol.  lii,  p.  149,  1918. 
(lowk Geol.  Sorv.,  vol.  xiii,  p.  154,  1918. 
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Aar.  XIX. — The  Use  of  Telluric  Acid  in  the  Determina- 
tion of  Bromvne  aasoeiated  with  Chlorine  in  Haloid  Halts  ^ 
by  F.  A.  Gooos  and  H.  Isabelle  Cole. 

[CoDtribntiona  from  the  Kant  Chemical  lAboratory  of  Yale  UniT.—ccIv.] 

The  satisfactory  separation  of  bromine  from  chlorine  by  the 
action  of  differential  oxidizers  in  Bolution  upon  haloid  salts  of 
these  elements  depends  upon  the  realization  of  several  condi- 
tioDs:  First,  the  complete  removal  of  free  bromine  from  the 
solution ;  second,  thorough  action  of  the  oxidizer  in  setting 
free  bromine,  so  that  hydrobromic  acid  liberated  in  the  action 
may  not  escape  nnattacked ;  third,  the  presence  of  a  suitable 
reducing  agent  (best  a  reduction  product  of  the  oxidizer)  which 
is  effective  in  counteracting  the  tendency  of  free  bromine  to 
act  upon  hydrochloric  acid  and  water  with  formation  of  non- 
volatile bromic  acid ;  and,  fourth,  practical  inertness  toward 
free  bromine  on  the  part  of  everything  finally  remaiuinjg  in 
Eolntion,  eo  that  the  eolation  may  be  devoid  of  combined 
bromine  in  any  form  when  the  operation  is  at  an  end.  These 
essential  conditions  of  accuracy  in  the  analytical  process  have 
been  met  with  a  fair  degree  of  success  in  a  process  recently 
developed  in  this  laboratory,*  in  which  reaction  takes  place 
between  hydrobromic  acid  and  selenic  acid  (or  a  mixture  of 
sodium  selenate  with  sulphuric  acid)  used  as  an  oxidizing 
agent  The  present  paper  is  the  account  of  an  attempt  to  find 
conditions  under  which  a  similar  reaction  of  telluric  acid  with 
hydrobromic  acid  may  be  brought  to  completion  (any  tendency 
toward  the  formation  of  broraic  acid  being  counteracted  by 
tellnrons  acid  formed  in  the  process  and  the  reverse  action  of 
bromine  upon  the  tellurons  acid  practically  prevented  by 
volatilization  of  the  bromine)  in  accordance  with  the  expression 
H,TeO,  -f  aHBr-^HTeO,  +  H,0  +  Br„ 

under  such  conditions  that  a  similar  reaction  may  not  take 
place  between  telluric  acid  and  hydrochloric  acid  set  free  in 
the  reaction. 

Unlike  selenic  acid,  telluric  acid  is  not  capable,  at  reasonable 
concentrations,  of  ready  reaction  with  bromides  to  form  hydro- 
bromic acid  and  then  free  bromine.  The  function  of  liberating 
the  hydrobromic  acid  in  order  that  the  telluric  acid  may  play 
the  part  of  the  oxidizer  must  devolve  upon  some  stronger  acid. 
For  this  purpose  we  have  made  use  of  sulphuric  acid  at  such 
dilution  that  it  may  not  by  itself  liberate  bromine  from  the 
bromide  with  formation  of  volatile  sulphur  dioxide.    In  the 

*  Ooooh  and  Blamenthal,  this  Jonmal  (4),  xixv,  S4,  1618. 

Am.  Jodb.  Soi.— Fodhth  Sbbocb,  Vol.  XXXVII,  No.  316.— Masch.  1814. 
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work  to  be  described,  telluric  acid  was  prepared  b;  acting 
with  chlorine  npon  finely  divided  elementary  t«lliiriam  sdb- 
pended  in  water.*  Solutions  of  iodine  and  of  aodium  thio- 
enlphate  of  approximately  N/10  strength  were  carefully  atand- 
ardized,  the  iodine  against  N/10  arsenite  and  the  thiosulphate 
against  the  iodine  with  the  nse  of  starch  as  an  indicator.  A 
thioanlphate  solution  of  N/50  strength,  for  use  in  the  titration 
of  very  small  amounts  of  iodine,  was  prepared  by  suitably  dilut- 
ing the  N/10  solution  of  that  reagent.  The  potassium  bromide 
used  was  made  by  ignition  and  tnorougb  fusion  of  potaasium 
bromate  specially  prepared  from  purified  bromine  and  potassium 
hydroxide.  The  potassium  chloride  was  made  by  ignition  of 
the  pure  chlorate.  These  salts  were  kept  over  sulpBuHc  acid 
in  a  desiccator  and  were  weighed  directly  for  each  determina- 
tion. 


The  apparatus  used  for  the  distillation  and  absorption  of 
liberated  bromine,  shown  in  the  accompanying  figure,  was 
made  with  sealed  or  gruund-glass  joints  throughout  by  sealing 
a  separating  funnel  A  to  a  Voit  flask  6,  the  outlet  tube  e  of 
the  latter  to  the  inlet  tube/ of  a  Dreclisel  wash-bottle  C,  and 
the  outlet  tube  of  tlie  last  to  a  bulbed  trap  g.  The  Voit  flask, 
which  served  as  the  distillation  fiask,  was  graduated  with 
etched  lines  at  5'°"  intervals,  to  indicate  by  the  position  of  the 
liquid  meniscus  volumes  ranging  from  5"""'  to  50™',  The 
Drechsel  bottle,  with  the  trap,  served  as  a  receiver  of  the  dis- 
tillate, and  this  was  kept  cool  by  immersion  in  ice-water,  A  Kipp 
generator  for  the  delivery  of  washed  carbon  dioxide  was  con- 
nected, as  needed,  with  the  separating  funnel. 

In  the  following  tests,  the  alkali  halides  and  the  telluric  acid 

were  introduced  in  solution  into  the  graduated  flask  and  the 

*  BrawniDg  ud  Hinnig,  tbis  Journal  (4),  xxivi,  73,  ISIS. 
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Tolnme  was  made  np  with  water  to  40°".  The  sulphnric  acid, 
10™*  of  [1 ;  1]  strength,  was  added.  The  connection  was  made 
between  the  flask  and  the  receiver  charged  with  300™"  of  a  1 
per  cent  solution  of  potasBinm  iodide,  carbon  dioxide  was 
passed  slowlj  throngh  the  apparatus,  and  the  liqaid  in  the 
naslc,  heated  gradually  at  firs^  was  concentrated  by  boiling  to 
the  desired  volume. 


Tablk  l.—Frtliminary  Te»l*. 
H,SO.  [1:1]     10cm> 
KBr 


IniliAl  Volume,  50cm*'iSScm*. 

EBt  Error  in 

Ka  Fioal  eqiulto  ternu  ol 

token  volume      Iodine  fotud  Br. 

gnu.  cm*.  grin.  ffttn. 


01 


30 


01000 
0-1000 
0-1000 
0-1000 


01000 
0-1000 
0-1000 
0-1000 


0-8000 
0-8000 
0-4000 


0-iooa 

0-1000 
0-1000 
0-08W 

-1^00001 
00000 
0-0000 

-0-0001 

00901 
0  099S 

0-0995 
00985 

-00006 
-0-O003 
-00002 

-0-0002 

0-1996 
01984 
0-2992 

-0-0008 
-0-0004 
-00005 

0-2990 
0-2994 
0-4000 

-0-0003 

-0-0004 

0-0000 

0-4980 

0'498« 

-0-0013 
-0-0010 

These  preliminary  tests  showed  that  (A)  in  the  process  of 
concentrating  from  a  volume  of  50™'  —  55°°"  to  a  volume  of 
20™'  a  solution  containing  0-5  grm.  or  1  grm.  of  telluric  acid 
with  10"*  of  sulphuric  acid  [1:1]  no  chlorine  was  eliminated 
from  potassium  chloride  taken  in  amounts  up  to  0-5  grm. :  that 
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(B)  in  the  absence  of  a  chloride  the  bromine  was  completelr 
eliminated  from  0*1  grm.  of  potasBiam  bromide  ;  but  that  (G, 
D)  when  the  chloride  was  associated  with  the  bromide  the  evo- 
Intion  of  bromine  was  visiblj  retarded  during  the  procesB  of 
boiling  and  slightly  incomplete  at  the  final  volume  of  20™*. 
In  the  next  set  of  determinations,  recorded  in  Table  II,  the 
concentration  b;  boiling  was  carried  still  farther. 


BiTeO, 

taken 


01000 
0-4000 
0-4000 
05000 


04000 
0-4000 
0-SOOO 
0-5000 
0-SOOO 
O'SOOO 


Tabls  n.' 

]      lOom': 

KBr 

Error  in 

KCI 

Final 

eqaftl  to 

tomuof 

tak«D 

Iodine  found 

Br. 

gna. 

A. 
15 

grm. 

grm. 

0-1 

00000 

0-0000 

0-8 

16 

0-0000 

0-0000 

0-8 

15 

00000 

0-0000 

0-4 

16 

0-0000 

0-0000 

0-5 

15 

00000 

0-0000 

0-1 

10 

0-0000 

0-0000 

0-3 

10 

0-OOOS 

+0-0002 

0-8 

10 

0-0016 

+0-0011 

0-4 

10 

0-0048 

+0-0088 

0-5 

10 

00086 

+0-0058 

0-6 

B. 
16 

0-1000 

00000 

05 

15 

0-1004 

+0-0008 

0-8 

15 

0-4008 

+0-0001 

0-3 

IS 

o-4ooe 

+0-0004 

0-a 

16 

0-5010 

+  00007 

0-3 

C. 
10 

0-4000 

0-0000 

0-8 

10 

0-4000 

o-oooo 

0-1 

10 

0-S006 

+0-0004 

0-1 

10 

0-6003 

+  00002 

0-8 

10 

0-5016 

+0-0011 

0-2 

10 

0-5022 

+  00015 

From  the  experiments  recorded  in  A  of  the  table  it  appears 
that  no  chlorine  is  evolved  in  the  course  of  concentration  to 
15™*  from  amonnts  of  potassium  chloride  np  to  0'5  grm. ;  but 
that  at  a  volnme  of  10™'  chlorine  begins  to  appear  appreciably 
when  the  potaasinm  chloride  amounts  to  0-2  grm.  From  the 
results  of  B  and  C  it  may  be  inferred  that  for  solutions  con- 
taining 10™"  of  sulphuric  acid  [1:11  and  1  grm.  of  telluric  acid 
at  the  outset,  concentration  to  a  volume  of  15™'  may  be  relied 
upon  to  remove  all  the  bromine  from  amounts  of  potassinm 
bromide  up  to  0-5  gnn. ;  but  there  is  at  the  final  volume  of 
15™"  or  10™'  an  incipient  evolution  of  chlorine  which,  as  was 
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observed,  increases  appreciably  when  the  solution  is  kept  hot 
and  allowed  to  stand. 

In  the  final  series  of  tests,  recorded  in  Table  III,  the  solu- 
tion (made  up  similarly  to  contain  1  grm.  of  telluric  acid,  10™' 
of  sulphuric  acid  [1:1],  with  amonnts  of  potassium  bromide 
and  potassium  chloride  ranging  as  high  as  0*5  grm.  each)  was 
concentrated  to  a  point  about  midway  between  the  20™'  and 
the  15™*  marks. 


B.TeO,     KBr 
taken      tak«ii 

Taslk  III.— Final  TesU 

KCI     Initial     Fin»I 
Uken   Tola  ma   toIddib 

Or 

•qiikl  to 

odine  foond 

Error  in 

taraisof 

Bt 

gnu.       gnu.       gnu.      cm'.        cm*.            graL 

1          OIOOO        0-4          80        17-18            01006 
1         0-1000       0-4         50       17-18           01008 
1          0-1000       0-4         fiO       17-18           O-IOM 

gtm. 

+0-OOOS 
+0-0002 
+0-0008 

1         0-2000 
1         0-SOOO 
1         0-2000 

0-8 
0-8 
0-8 

50 
50 
BO 

^7-18 
17-18 
17-18 

0-3000 
0-2005 
0-2001 

+0-0000 
+0-0008 
+0-0008 

1          0-8000 
1          0-8000 
1         0-8000 

0-a 
0-a 
o-a 

50 
SO 
50 

17-18 
17-18 
17-18 

0-8008 
0-8001 
0-8004 

+  0-00OB 
+0-0001 
+  0-0008 

1         0-4000 
1         0-4000 
1          0.4000 

0-1 
01 
01 

50 
60 
50 

17-18 
17-18 
17-18 

0-4000 
08098 
0-3000 

+00000 
+00002 
+  00001 

1         0-BOOO 
1         0-GOOO 
1         0-0000 

0-6 
0-5 
0-6 

60 
60 
50 

17-18 

17-18 

16 

0-5008 
0-5004 
0-6010 

+0-0008 
+0-0008 
+00007] 

1         0-0025 
1         00028 
1          00035 

0-1 
0-1 
01 

50 
60 
80 

17-18 
17-18 
17-18 

0-0025 
00028 
00034 

0-0000 

0-0000 

-O-OOOl 

1         00050 
]          0-0080 
1           0-0050 

0-2 
0-3 

0-a 

SO 
80 
SO 

17-18 
17-18 
17-18 

00051 
00060 
00053 

0-0000 
+0-0001 
+  0-0008 

1           0-0050 
1           0-0050 
1          0-0050 

0-3 
O'S 
0-8 

SO 
80 
SO 

17-18 
17-18 
17-18 

0-0068 
0-OOSI 
00053 

+•'0008 
+0  0001 
+0-0008 

1         0-0050 
1         0-0050 
1          00050 

0-4 
0-4 
0-4 

60 
60 

60 

17-18 
17-18 
17-18 

0-0053 
00055 
0-0057 

+00009 
+0-0003 
+  00006 

1          0-0056 
1          00055 

0-4 
0-4 

50 
60 

17-18 
17-18 

0-0065 
O'OOBS 

0-0000 
+  0-0000 

The  resnits  of    these  experiments  show  clearly  that  the 
method  may  be  relied  upon  to  determine  with  accuracy  amounts 

Dcillizedoy  Google 


362  Gooah  and  Cole — Chloritu  in  Saloid  Salts. 

of  bromine  Dp  to  0*3  grtn.  (0*5  grtn.  of  potassium  bromide) 
aaaociated  with  0*25  grm.  of  chlorine  combined  in  the  form  of 
chloride  (0*5  grm.  of  potassinm  chloride). 

According  to  the  procedure  found  to  be  effective,  the  hsloid 
salts  are  introduced  into  the  Yoit  distillation  flask  with  1  jifrm. 
of  tellnric  acid.  The  volume  of  liquid  is  made  up  with  water 
to  40°°*.  The  distillation  flask  and  the  inlet  tube  of  the 
receiver,  the  latter  charged  with  300"'  of  a  1  per  cent  solution 
of  potassium  iodide,  are  connected  after  moistening  the  surface 
of  the  ground-glass  joint  with  sulphuric  acid  to  serve  as  a 
lubricant  and  lute.  The  anlplmric  acid,  10™*  of  the  [I:!] 
mixture,  is  introduced  through  the  separating  fnnnel.  Carbon 
dioxide  is  passed  very  slowly  througu  the  apparatns  and  the 
reaction  mixture  is  boiled  until  the  meniscus  oi  the  liquid  is  at 
a  level  about  mid-way  between  the  20*"  and  the  15™*  marks, 
indicating  a  volnnie  of  17™*  or  18™*.  Thewnrceof  heat  ia 
withdrawn  and,  as  soon  as  the  apparatus  is  cool  enongh  to  be 
handled  conveniently,  the  receiver  is  disconnected  and  the  free 
iodine  in  the  receiver  and  trap  is  titrated  with  standard  sodiunn 
thiosolphate  and  taken  as  the  measure  of  the  bromine  liberated. 
By  the  procedure  described  it  is  possible  to  determine  with  a 
high  degree  of  accaracv  any  amount  of  bromine  up  to  0*3  grm. 
when  associated  in  the  haloid  salts  with  amounts  of  chlorine  np 
to  0'36  grm.  The  entire  operation  need  not  occupy  more  than 
forty-five  minutes. 


Abt,  XX. —  Wilkeite,  a  N&w  JUineral  of  tAa  Apatite  Group, 
and  Okenite,  it»  Alteration  Product,  ft'om  &mthem  Cati- 
fomia  ;  by  Abthcv  S.  Easle  and  AtrsnN  F.  Roobbb. 


Oeourrence. — One  of  the  most  interesting  mineral  occur- 
rences of  Southern  California  is  situated  at  Creetmore,  abont 
eight  miles  west  of  Riverside,  in  Riverside  County,  where  a 
contact  zone  exists  between  crystalline  limestone  and  grano- 
diorite.  The  Riverside  Portland  Cement  Company  is  now 
quarrying  the  limestone,  with  its  associated  lime  silicates,  for 
toe  manufacture  of  cement,  and  the  extensive  quarrying  of 
the  hill  of  limestone  and  granodiorite  is  constantly  bringing  to 
view  varied  and  interesting  associations  of  metamorphic 
minerals. 

Much  of  the  limestone  is  snow-white  marble  quite  free  from 
included  minerals  other  than  patches  of  pnre  white  wollaston- 
ite,  but  on  the  northeast  side  of  the  hill  the  metamorphisro  has 
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been  moch  more  intense  and  localized  by  the  presence  of  email 
dikee.  This  hill  is  locally  deeisnated  as  the  Sky  Blue  Hill  on 
acGOnnt  of  the  presence  of  mncn  beantif  ol  blae  calcite,  and  it 
ia  in  this  blue  calcite  that  the  new  mineral  occurs,  as  well  as 
aa  abundance  of  gamet,  vesnvianite  aud  diopBide. 

Both  of  the  writers  visited  the  qnarries  during  the  past  sum- 
mer'and  one  of  them  (A.  S.  £.)(  in  company  with  K.  M.  Wilke 
of  Palo  Alto,  made  an  extensive  collectiou  of  specimensandhas 
in  preparation  a  paper  descriptive  of  the  deposit.  One  of  the 
minerals  collected  occurred  as  an  aggregate  of  pale  rose-red 
frrains  imbedded  in  the  bine  calcite  and  as  it  was  unrecognized 
in  the  field  and  thought  ptrasibly  new,  mach  of  the  mass  con- 
taining it  was  collected.  Later  analyses  proved  it  to  be  a  new 
mineral  and  the  writers  take  pleasure  in  naming  it  w&keiU  in 
honor  of  K.  M.  Wilke,  who  as  a  mineral  collector  and  dealer 
has  done  much  to  advance  the  science  of  mineralogy. 

Orygtal  Form. — Wilkeite  crystallizes  in  the  hexagonal 
system  and  is  prismatic  in  habit.  The  largest  distinct  crystal 
observed  measures  2  mm.  by  5  mm.  The  crystals  usaally  have 
rounded  faces  and  edges,  a  very  common  feature  of  minerals 
imbedded  in  crystalline  limestone.  Most  of  them  show  one  or 
two  faces  of  the  prism,  and  a  few  were  found  with  a  complete 
hexagonal  zone,  bat  the  terminal  faces  are  invariably  rounded 
and  confused,  so  that  good  meaanrements  of  the  pyramids 
conid  not  be  obtained.  Good  readings  were  obtained  in  the 
prismatic  zone,  some  of  the  angles  being  exactly  60°  between 
the  nnit  prism  faces  and  30°  between  (lOlO)  and  (11^).  A 
faint  image  was  also  obtained  for  the  form  (31?0).  Measnred 
(lOiO)  :  (3130)  =  13°  46',  calculated  IS"  54'.  The  faces  of 
(1120)  are  very  narrow  and  usually  not  present  on  more  than 
two  or  three  of  the  edges.  Some  of  the  terminal  faces  give 
good  reflections  which  correspond  in  position  to  very  steep 
third  order  pyramids,  but  the  readings  do  not  correspond  to 
any  probable  forms.  On  one  cryst^  a  face  in  the  vertical 
zone  with  (lOlO)  gave  the  angle  p  =  40°  d'.  Assuming  this 
face  as  the  unit  pyramid,  then  the  axial  ratio  for  wilkeite  is 
approximately  a  :  c  =^=1  :  0*730.  This  is  based  on  the  measure- 
ment of  a  single  face  and  cannot  therefore  be  regarded  as  the 
true  ratio,  but  it  shows  that  the  axial  ratio  is  at  least  near 
that  of  apatite  (o  =  0-7846). 

Phyaical  Properties. — ^Wilkeite  has  an  imperfect  basal  cleav- 
age and  is  very  brittle.  The  hardness  is  about  5.  The  color 
is  pale  rose-re^*  and  varies  from  sub-transparent  to  sab-trans- 
lucent The  luster  is  sab-reBinoas  on  a  broken  surface,  while 
the  prism   fiicee  are  generally   very   brilliant.     The   specific 

*  A  BiDglo  ipeoimea  found  later  ia  yellow  in  eolor.  This  la  a  anbhedtal 
crTVtal  sbont  i  em.  in  length.  Id  phyucal  and  chemical  propertiea  it  agrem 
with  the  TDBe-red  wilkaite  and  proves  that  the  color  ia  variable. 
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gravity,  determiDed  with  1*6  ^mE.  of  material  \>j  means  of  the 
pyknometer,  Ib  3234 ;  at.  20'^O. 

The  index  of  refraction  is  1*640  ±  *005,  determined  by  the 
Becke  teat  with  reference  to  liquids  of  known  index  of  refrac- 
tion. The  donble  refraction  is  abont  ■004,  determined  from 
the  thickness  of  a  thin  section  by  observing  the  maximuin 
interference  color  of  diopside.  Tlie  sections  give  gray  and 
white  interference  colors  of  the  first  order.  Basal  cleavage 
plates  show  a  negative  uniaxial  figure.  Tlie  elongation  of 
priumatic  sections  in  a  slide  is  parallel  to  the  faster  ray.  The 
physical  properties  as  a  whole  are  like  those  of  apatite. 

Chemical  Properties. — Wilkeite  when  intensely  heated 
becomes  colorless  and  then  assames  a  pale  bluish  green  color 
on  cooling.  It  fuses  on  its  Terv  thin  edges,  but  the  fusibility 
is  above  5.  It  is  easily  soluble  in  dilute  hydrochloric  and 
nitric  acids,  leaving  floccnlent  silica,  but  most  of  the  silica  is 
soluble  and  can  only  be  removed  by  complete  evaporation. 
In  large  fragments  or  grains  gelatinoas  oalls  witn  white 
opaque  centers  and  translucent  exteriors  are  formed  bv  the 
acids.  In  nitric  acid,  heated  nearly  to  the  boiling  point,  a 
distinct  effervescence  is  obtained.  That  the  evolved  gas  is 
CO,  was  proved  by  leading  it  into  clear  barium  hydroxide 
solution.  The  wilkeite  gives  strong  reactions  for  calciom  and 
for  the  phosphate  and  sulphate  radicals.  No  test  for  flnoriue 
or  chlorine  was  obtained.  The  mineral  is  practically  anhy- 
drons,  as  hardly  more  than  a  trace  of  water  was  obtained  by 
heating  the  powdered  mineral  in  a  tube  by  the  Penfield 
method. 

Several  analyses  of  the  mineral  were  made  by  different 
methods  and  with  different  samples.  The  resalts  showed  that 
the  constituents  were  constant  in  amount.  The  silica  was 
always  first  removed  by  two  complete  evaporations  and  the 
amonnt  determined  by  subsequent  treatment  with  HF  and 
H,SO,.  The  sulphate  was  determined  as  BaSO,,  and  also 
as  CaSO,  by  direct  precipitation  from  a  slightly  acid  solution 
by  means  of  alcohol.  The  results  by  alcohol  were  slightly 
lower  than  those  obtained  with  BaCl,  or  Ba(NO,),. 

The  calcium  was  determined  in  three  ways:  1.  Indirectly, 
by  succeBsive  precipitations  as  OaSO,,  Ca,P,0,  and  CaC.O,- 
2H,0  and  combining  the  calculated  amounts  of  CaO.  2.  Directly 
by  precipitation  as  OaSO^  by  means  of  H,SO,  and  alcohol.' 
3.  Directly,  by  addition  of  ammonia  and  then  acetic  acid  to 
redissolve  the  calcium  phosphate  and  precipitation  as  calcium 
oxalate,  this  method  giving  the  most  accurate  results.  In  the 
determination  of  the  phosphate  considerable  difficulty  was 
encountered  in  getting  a  complete  precipitation  by  the  ordinary 
rnolybdate  method  or  by  the  Woy  method,  and  it  was  found 
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that  the  best  results  were  obtained  by  its  precipitation  with 
magnesia  mixture  in  the  solutions  remaining  after  direct 
precipitations  of  all  calcium.  The  great  excess  of  calcium  in 
tlie  solution  permits  of  a  direct  precipitation  by  ammonia  of 
the  phosphorus,  aa  Ca,P,0„  and  a  small  amount  of  manganese 
phosphate,  presumably  Mn,P,0,.  The  former  goes  into  soln- 
tioQ  readily  on  addition  of  acetic  acid,  leaving  the  manganese 
phosphate  to  be  weighed  aa  such. 

The  average  of  the  analyses  gave   as   the   composition   of 
wilkeite : 


MolecnUr  ratios. 


19' 


86 


CaO 5*-44;<  0-972  \ 

MnO .,         0-77  0-011  ( 

PO, 20-85  0-147 

Sa 12-28  0-157 

Sid, »-62  0-160 

CO    2  10  0-048 

H.O trace 


The  molecular  ratios  indicate  that  the  chemical  formula 
of  wilkeite  is  20CaO.3P,O..3SiO,.3SO,.CO„  which  may  be 
written  3Ca,(PO.),.3Ca,Si0..3CaSO,.CaCO,.CaO. 

Relation  to  Apatite. — The  physical  properties  suggest  that 
wilkeite  belongs  to  the  apatite  group,  but  it  contains  only  20 
per  cent  P,0,  as  against  41  or  42  per  cent  for  apatite.  The 
formula  may  be  written  3Ca,{PO.),.CaCO..3Ca.[{8iO.)(SO0]. 
CaO,  which  shows  its  relation  to  the  apatite  group.  Jn  wilke- 
ite the  compound  radical  [(SiO,)(SO,)]''  is  equivalent  to 
(P-O,)".  The  replacementoffluorinein  tneforraula3Ca,(PO,V 
CaF,  by  oxygen,  O,  or  by  the  carbonate  radical,  CO,,  may  ^ 
explained  by  mass-effect  isomorphism ;  but  the  replacement  of 
(PO,),  by  the  compound  radical  [(SiO,){SO,')]  is  explained  by 
the  fact  that  they  have  nearly  the  same  formula  weights,  190 
and  188-4,  respectively,  and  the  same  valence  (six).  Wilkeite 
'  has  a  molecular  volume  almost  identical  with  that  of  apatite, 
and  this  explains  why  compotiud  molecules,  which  are  so  dis- 
similar chemically,  may  form  isomorphoas  mixtures.  Whether 
wilkeite  is  an  isomorphous  mixture  of  3Ca,(P0,),,CaC0,  and 
3Ca,[{Si0.){S0,)].Ca0  or  3Ca,(PO.),.CaO  and  3Ca,[(SiO.>- 
(SO.ij.CaCO,  or  a  double  salt  of  these  two  compounds,  it  is 
impossible  to  say.  The  ratios  are  fairly  close  to  Ca,(POJ, : 
Cft,SiO,  :CaSO,  =  1 :1 :1,  but  this  agreement  may  be  acci- 
dental. 

There  are  a  number  of  minerals  with  three  radicals,  such  as 
hanksite,  9Na,80..2 Mg,CO..KCl,  sulfohalite,  2Na.S0..NaCl. 
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NaF,  northapite,  MgCO,.Na.CO,.N»Cl,  tjchite,  2MgC0.. 
2Nft,C0,.Na,S0,  and  thaamasite,  CaSiO,.CaCO,.CftSO,.15H,0, 
bnt  06  far  as  we  know  wilkeite  is  the  only  mineral  with  four 
acid  radicals. 

Summary  of  the  properties  of  wilkeite. —  Hexagonal,  c  = 
0-730  approximately.  Forms  {10lO),-(ll30),  (lOU),  cleavage 
imperfect  basal.  H  =  5.  G  <=  8*234.  Color  pale  rose-red. 
Uniaxial,  optically  nef^ttve.  n^  1-640  ± '005.  (»,  —  «)  = 
0'004.  Fnsibilitj  ^  b\.  Soluble  in  dilute  hydrochloric  and 
nitric  acids  with  the  separation  of  flocculent  silica.  Gives  wet 
teats  for  sulphate  and  phosphate  radicals  and  for  calcium. 

Chemical  formula:  30a.{FOXCaCO,  +  3Ca.[(SiO.XSO.)]- 
OaO. 

Occurrence. — la  a  crystalline  limestone  contact  n>ae,  associ- 
ated with  diopside  and  veanTianite. 

OsEMrTE. 

Properties. — The  wilkeite  is  often  altered  to  a  white  opaque 
mineral  with  a  pearly  luster  and  fibrous  structure.  This 
mineral  was  identified  as  okenite  by  its  optical  properties. 
The  index  of  refraction  determined  by  the  Becke  test  with 
reference  to  liquids  of  known  index  of  refraction  ia  1-56.^  ± 
-005.  The  double  refraction  determined  by  the  maximnm 
interference  color  in  a  thin  section  of  known  thickness  is  -009 
or  -010.  Only  a  very  few  minerals  have  this  combination  of 
optical  characters*  and  of  these  okenite  is  tlie  only  one  that 
agrees  at  all  in  chemical  properties.  The  okenite  is  easily 
fusible  to  a  glass  and  gives  abundant  water  in  the  closed  tnbe. 
In 'thin  sections  the  mineral  is  translncent  and  shows  a  fibrous 
^gregate  structure  with  parallel  extinction  and  elongation 
parallel  to  the  slower  ray.  The  relief  is  low  compared  with 
wilkeite.  All  stages  in  the  alteration  of  the  wilkeite  to 
okenite  can  be  observed,  from  wilkeite  with  a  narrow  border 
of  okenite  to  specimens  of  okenite  with  minute  remnants  of 
wilkeite.  Several  distinct  pseodomorpbs  of  okenite  after 
wilkeite  were  noted.  • 

The  accompanying  figure  is  a  camera  lucida  sketch  of  the 
wilkeite  in  process  of  alteration  to  okenite.  The  okenite  is 
the  fibrous  mineral  with  low  relief.  The  two  parts  of  tlie 
wilkeite  are  in  optical  continuity.  The  penetration  of  the 
wilkeite  by  okenite  stringers  and  the  ragged  edges  of  the  wilke- 
ite makes  it  certain  that  the  okenite  is  an  alteration 
product  of  the  wilkeite.  The  other  minerals  associated  with 
the  wilkeite  show  no  evidence  of  alteration.  Wollastonite 
n  the  back  of  WiDchtll's 
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occDra  in  a  few  of  the  specimens  which  contain  the  okenite 
bnt  they  have  no  apparent  relation  to  each  other,  although  of 
the  Bame  general  composition.  The  okenite  was  also  found  by 
D.  P.  Carlton  of  Riverside  rather  uniformly  distribnted 
throngh  a  bine  crystalline  limestone  containing  small  crystals 
of  diopside  and  vesavianite.  The  okenite  pccars  in  opaqne 
white  sobhedral  crystals  from  1  to  3  mm.  in  size.     A  thin 


EectioD  of  this  okenite-hearihg  limestone  shows  a  f«w  minute 
ranriDanta  of  wilkeite  from  which  the  okenite  has  conclnsively 
altered. 

It  was  found  to  be  practically  impossible  to  separate  the 
okenite  from  the  wilkeite  and  a  quantitative  analysis  of  the 
Bobetance  indicated  that  it  was  a  mixture  of  the  two.  There 
was  a  loss  of  snlphate  and  of  lime  and  a  large  increase  in  the 
silica  with  the  additions  of  about  10^  of  water. 

The  change  of  wilkeite  to  okenite  was  probably  brought 
abont  by  magmatic  waters,  for  it  is  not  doe  to  ordinary 
weathering. 
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Aet.    XXI. — Th4   Rockt  of  the  Cerro  de  Santa  Ana  on 
Paraguana,  Venezuela  ;  by  T.  A.  Bbndrat.* 

Ddbinq  the  course  of  a  journey  in  Yenezaela  in  the  summer 
and  fall  of  1912  the  writer  had  an  opportunity  of  visiting  and 
etndying  the  rocke  of  the  peninsula  of  Paraguana.  As  a  result, 
be  offers  the  following  notes  as  a  contribution  to  the  geology 
of  this  little  known  region  and  lias  supplemented  them  by  a 
petrographic  description  of  the  rocks  collected  at  this  time. 

The  geology  of  the  peninsula  differs  in  an  important  respect 
from  that  of  the  mainland  immediately  to  the  south,  and  of 
the  neighboring  islands,  in  that  it  contains  exposed  areas  of  the 
granites,  gneisses  and  schists  which  constitute  the  foundation 
of  the  peninsulaf  while  they  are  covered  with  Cretaceous  and 
later  sedimentary  deposits.  It  should  be  noted,  however,  that 
the  Cretaceous  and  Tertiary  deposits  occur  also  on  Paraguana 
along  with  the  rocks  previously  mentioned.  In  Paraguana  the 
basarcomples  of  granites,  gneisses  and  schists  has  been  invaded, 
probably  m  pre-Cretaceous  times,  by  intrusive  masses  belong- 
ing to  the  diorite  and  gabbro  families.  These  form  the  most 
Erominent  elevations  of  the  region  and  around  them  have 
een  deposited  a  Cretaceous  series :  sandstones  and  limestones. 
Among  the  latter  are  beds  carrying  BudUtce,  These  rocks 
after  long-contiuued  erosion  were  folded  in  Tertiary  times, 
probably  oefore  the  later  Miocene.  During  the  latter  part  of 
the  Tertiary  other  sediments,  which  now  form  by  far  tlie  great- 
est part  of  the  exposed  rocks  of  the  peninsula,  were  deposited 
around  the  intrusive  masses,  as  well  as  the  remnants  of  the 
disturbed  Cretaceous  beds,  and  are  fouud  to  merge  without 
apparent  break  into  Quaternary  strata. 

Tlie  Cerro  de  Santa  Ana  is  the'  highest  elevation  in  Para- 
guana and  was  ascended  by  the  writer  under  circumstancee  of 
great  difficulty,  and  its  geologv  studied.  The  base  of  this 
monntain  strikes  in  a  general  WSW,  and  ENE.  direction,  nearly 
parallel  to  the  north  and  south  coasts  of  the  peninsula;  in 
breadth  it  is  about  4  kilometers.  In  the  opinion  of  the  writer 
this  mass  represents  an  exposed  laccolith  composed  entirely  of 
basic  rocks,  weathering  a  tan-brown  in  color  and  of  a  slate 
gray  on  a  freshly  broken  surface.  In  the  lower  portion  it  is  a 
fine-grained  diabase,  which  the  writer,  ascending  the  moun- 
tain from  the  west,  traced  up  to  an  altitude  of  1050  feet  with 
certainty,  and  at  1275  feet  it  was  found  to  give  way  to  a  rock 

*  The  writer  deaires  to  expresa  bia  obligations  to  Professor  N,  U.  Fanne- 
mnu,  head  of  the  department  of  geology  of  the  tJoiverelty  of  Clnoiimati, 
Ohio,  who  moat  generoiiBly  placed  the  apparatna  aod  facUitieB  of  the  depart- 
meot  at  hi«  disposal. 
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which  is  here  designated  as  hornblende  porphyry.  On  the 
north  Bide,  however,  W.  Sievers  states  that  the  tranaitiou  to 
the  porphyry  occurs  at  an  elevation  of  450  feet.    This  horn- 


blende-porphyry, which  weathers  a  brownish  color,  towers  more 
or  less  abrnptly  in  bold  clifEs  up  from  the  base  of  diabase,  here 
and  there  interrupted  by  short  shoulders.  It  is  considered  by 
the  writer  an  iutrusion  into  thediabase  under  snch  circumstances 
as  favored  the  formation  of  a  porphyritic  texture.     This  por- 
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phyry  was  traced  to  an  elevation  of  2550  feet  to  the  foot  of 
the  last  Bteep  cliff.  At  this  point  the  moantain  culminatee  in 
a  pinnacle  or  "horn."  as  mar  be  seen  in  the  accompanying 
fieares,  and  attainBa  neieht  of  2976  feet  above  Bea-tevel.    The 

Einnacle  ia  composed  of  a  different  rock  from  the  porphyty 
slow,  in  tiiat  it  ia  a  hornblende  diorite  of  fine  to  medinm- 
grained  teiture  without  pbenocrysts,  which  weathen  to  a  dark 
chocolate-brown,  and  exhibits  on  freshly  broken  surfaces  a 
bluish  gray  color,  and  is  penetrated  by  an  intricate  system  of 
veinlets.  It  h&s  a  very  uneven  fracture  which  makes  the  pin- 
nacle extremely  rugged,  and  its  ascent  very  difficult.    On 


C«»«  d.t  Sor,ta.Af^ 
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Fios.  1,  S.  ThediafiTaiDBof  ft({s.  1  mnd  2  were  takeniritli  I>r.  W.  Sievcn' 
permiwion  from  the  Ikttor's  work  :  "  Zwelt«  ReiM  in.  VeDeiaela,  1892-08  " ; 
the  geologj  hu  be«n  introduced  \ij  the  writer. 

acconnt  of  its  different  texture  the  writer  is  inclined  to  believe 
that  it  is  a  still  younger  intrusive  which  invaded  both  the  dia- 
base and  the  hornblende  porphyry. 

PSTBOGBAPHT. 

Diahase. — This  is  an  aphauitic  rock  which  in  thin  section 
under  the  microscope  ie  seen  to  be  composed  of  aiigite,  olivine 
and  plagioclase  and  is  holocrystalline.  Of  the  minerals  plagio- 
claee  is  predominant,  olivine  less  ao,  while  the  amount  of 
augite  is  relatively  small.  Tlie  section  shows  an  even,  granular 
gronndmass  of  tbeBe  three  minerals,  in  which  occur,  scattered 
larger,  more   or  less  allotriomorphic  crystals   of   plagioclase. 
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From  measDremente  of  eztinc^on  aoglefl  it  is  inferred  that  the 
pla^oclase  of  the  groundmase  and  also  of  the  larger  cryitals  is 
anortbite.  The  pyroxene  is  a  variety  of  angite  which  exhibits 
a  faint  pleochroiBm.  The  olivine,  which  is  well  distribnted 
throaghout  the  rock,  is  also  occaeionally  in  allotriomorphic 
forms  but  for  the  moet  part  exhibits  crystal  oatlines.  It  con- 
tains black  inclusions  of  iron  ore,  mostly  along  cleavage  cracks, 
and  this  occnrs  also  at  times  in  tbe  augite. 

The  rock  appears  to  have  undergone  crushing  through 
dynamic  processes,  as  shown  by  the  cmehed  and  broken  con- 
dition in  which  many  of  the  feldspar  and  olivine  crystals  are 
found.  The  augite  granules  and  shreds  are  also  drawn  out  into 
more  or  less  wavy  trains,  which  maintain  a  certain  degree 
of  parallelism.  There  are  also  different  systems  of  veinlets 
crossing  tbe  rock  which  are  made  up  of  angular  grains  of  oli- 
vine and  predominant  feldspar.  Three  systems  of  these  vein- 
lets  were  observed  and  they  were  frequently  found  to  interfere 
with  one  another,  exhibiting  thrusts  and  miniature  faults. 
Such  faults  are  found  also  in  tlie  larger  feldspar  crystals  which, 
moreover,  these  veinlets  penetrate. 

Homblende-porpAyry. — This  rock  has  a  phanerocrystalline, 
evenly  granular  groundmass  of  feldspar  and  amphibole  in 
which  are  scattered  formless  crystals  of  green  hornblende  with 
an  occasional  one  of  feldspar.  Under  the  microscope  it  ie  seen 
that  the  larger  hornblendes  are  to  some,  extent  altered,  their 
green  color  fading  in  places  and  at  their  margins  passing  over 
into  fibrous  actinolite.  The  larger  feldspars  are  mostly  of 
pli^oclase,  but  sometimes  microcline.  Like  the  diabase  pre- 
viously described,  this  rock  appears  to  have  suffered  from 
dynamic  processes  as  shown  bv  toe  bent  condition  of  the  cleav- 
age cracks  in  the  crystals  of  hornblende  and  bv  fanlte  across 
them.  Tbe  plagioclase  shows  similar  features ;  like  the  former 
rock,  tlie  mass  is  penetrated  by  a  series  of  veinlets  of  a  felds- 
pathic  nature. 

Horriblende-diorite. — Unlike  the  foregoing  types,  this  rock  is 
macrocrystalline  in  that  its  constituents  can  be  determined  by 
the  eye.  The  chief  components  are  hornblende  and  plagio- 
clase, tbe  latter  varying  in  composition  from  labradorite  to 
anorthite. 

The  hornblende  in  section  varies  in  color  from  light  green  to 
brown  even  in  tbe  same  section  and  in  some  places  it  is  altered 
to  a  colorless  variety.  It  contains  inclnsioDS  oi  magnetite  and  of 
hematite,  the  latter  being  regarded  as  an  alteration  product.  The 
plagioclases  are  twinned  according  to  both  theCarlsbad  and  albite 
laws.  Decomposition  of  the  feldspar  isehown  in  places  by  its  dull 
and  clondy  aspect.  It  sometimes  shows  inclusions  of  apatite 
needles.     The  fabric  of  the  rock  is  somewhat  ophitic  in  that 
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1ath-«hftped,  almost  sntomorphic  cryetala  of  the  feldspar  are 
frequently  found  projectine  into  the  larger,  formless  crystals 
of  hornblende.  Both  the  feldspars  and  the  hornblendes  have 
apparently  suffered  much  crushing  and  breaking,  due  to  the 
operation  of  dynamic  forces,  and  like  the  types  previonsly 
described,  the  rock  is  penetrated  by  an  intricate  network  of 
delicat«  veinlete.  The  olivine  however,  which  occnrs  in  the 
diabase,  is  wanting  in  this  rock. 

Sandstone. — ThisoccursaC  the  base  of  the  monntain  described 
in  the  foregoing  part  of  this  paper.  It  ia  seen  in  thin  beds, 
slightly  upturned  toward  the  north  and  northeast  and  also  as 
debris  in  the  arroyo  iBsatng  from  the  west  slope,  where  it  is 
mingled  with  that  of  the  diabase  forming  the  base  of  the 
mountain.  It  is  a  fine-grained,  firm,  reddish  brown  variety  of 
sandstone  which  is  rich  in  muscovite. 

Studied  in  thin  section,  it  is  seen  that  the  grains  of  quartz, 
which  is  the  chief  component,  are  sharply  angular  and  not 
rounded  like  those  met  with  in  ordinary  sandstoneB.  Also,  they 
seldom  appear  to  be  in  direct  contact  but  are  held  together  by 
an  interstitial  cement  in  the  form  of  nodular  oolitic  grains. 
The  quartzes  have  an  undulatory  extinction,  indicating  that 
they  were  once  components  of  Bome  rock  which  suffered 
dynamic  processes.  They  are  clouded  with  eztremly  fine 
particles  arranged  in  trains,  which  may  be  of  magnetite,  and 
m  some  cases  also  needles  of  rutile.  The  muscovite  occurs  in 
notched  and  iagiied  ecales  whose  parallel  arrangement  is  dne 
to  sedimentation.  It  is  more  or  less  altered  and  associated  with 
some  chlorite.  Brown  amphibole,  plagioclase  feldspar  of 
several  varieties  and  microcline  were  also  found  in  the  rock. 
The  chemical  test  of  the  nodular  oolitic  cement,  which  was 
kindly  made  for  me  by  Dr.  D.  H.  Meuland,  proves  it  to  consist 
of  siderite ;  and  it  is  considered  by  him  to  be  a  later  infiltration 
product.  This  makes  the  sandstone  in  question  of  interest,  as 
in  most  oolitic  iron  ores,  according  to  Dr.  Kenland,  the  oolites 
enclose  the  quartz,  as  for  instance  in  the  Clinton  iron  ores. 

SpadM,  BiplfjCo.,  IndiftDk,  Dec.  1S18. 
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SCIENTIFIC    INTELLIGENCE. 
I.    Chemistry  and  Physics. 

1.  The  Riuting  of  Iron  in  Water.— Vf.  A.  Bbabbuby  has 
m&de  some  intereeting  experiments  upon  thio  Bubject.  He  found 
that  when  bright  iron  wire  was  placed  in  MaDcnester  tap-water 
it  Boon  became  coated  with  rust  and  the  water  gave  a  blue  color 
with  potassium  ferrocyanide.  Wbea  the  water  was  well  boiledand 
the  flasks  were  corked  no  rust  appeared  on  the  wire.  When 
water  containing  wire  was  exposed  to  an  enclosed  volume  of  air, 
one-fifth  of  the  air,  corresponding  to  the  oxygen  in  it,  was  grad- 
ually absorbed,  and  the  water  showed  the  presence  of  ferrous 
iron  in  solution.  No  hydrogen  could  be  collected  when  the  wire 
was  rusted  by  the  ordinary  water  in  a  flask  containing  a  delivery 
tube.  However,  when  carbon  dioxide  was  passed  into  the  water 
for  a  short  time  it  did  not  cause  rusting,  but  iron  went  into  solu- 
tion, probably  according  to  the  reaction, 

Fe  -f-  2H,C0.  =  H,Fe(CO,),  -t-  H„ 

bat  no  hydrogen  appeared  at  first,  apparently  on  account  of  the 
oxidation  of  the  nascent  hydrogen  by  the  oxygen  present.  Then 
after  a  few  days  hydrogen  began  to  be  Hbe'rated  and  much  iroa 
went  into  solution  without  any  rusting  of  the  wire.  The  effect 
of  the  presence  of  a  large  amount  of  magnesium  chloride  in  the 
water  kept  near  its  boiling  point  upon  iron  wire  in  absence  of  air  ' 
was  tried.  No  rust  or  gas  were  produced,  nor  did  any  iron  go 
into  solution.  It  appears,  therefore,  that  the  prevailing  opinion 
that  magnesium  chloride  has  a  corrosive  action  upon  iron  is  incor- 
recL — Chem.  News,  cviii,  307.  h.  l.  w. 

2,  T/ie  Estimation  ofPeriodatet  in  the  Presence  of  lodates  and 
Iodides. — It  has  been  found  by  Mtlller  and  Friedberger  that 
iodates  do  not  react  with  iodides  in  sodium  bicarbonate  solutions, 
but  that  periodates  are  reduced  to  iodates  under  these  circum- 
stances with  a  liberation  of  iodine  corresponding  to  one-quart«r 
of  the  oxygen  of  the  periodate.  Mcllkk  and  Weoelin  state 
that  it  is  a  long  operation  to  change  alkaline  carbonates  or 
hydroxides  into  bicarbonates  b^  means  of  carbon  dioxide  in  order 
to  carry  out  the  titration,  while  strong  acids  cannot  be  used  for 
the  purpose,  as  they  bring  about  the  reaction  of  the  iodate  and 
iodide  in  the  part  of  the  solution  where  the  acid  flows  in.  They 
have  found,  however,  that  boric  acid  in  the  presence  of  borax 
may  be  nsed  for  the  acidification  of  such  solutions,  and  that  the 
reaction  then  takes  place  precisely  in  the  same  way  a.s  in  the 
presence  of  bicarbonates.  They  recommend  the  titration  of  the 
free  iodine  by  means  of  arsenious  acid.  The  iodate  may  then  be 
determined  by  adding  potaHsium  iodide,  acidifying  with  sul- 
phuric  acid,    adding   saturated    borax    solution    until   coogo-red 

AM.JOUB.  ScL—FocKTH  Series,  ToL.  XXXVII,  Mo.  S19.— Mabcb,  1914. 
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paper  no  longer  turns  blue,  and  titrating  again  with  arsenioos 
acid.  The  lest  analystH  show  perfectly  accurate  results. — Zeitichr. 
analyt.  Chmn,,  lii,  76S.  k.  u  w. 

3.  A  Dictionary  of  Applied  Chemistry;  by  Sib  Edwabd 
Thorpe,  Assisted  by  eminent  Contributors.  Revised  and 
Enlarged  Edition  in  Five  Volumes.  Vol.  V.  Svo,  pp.  830. 
London,  1913  (Longmaas,  Green  and  Co.  Price,  tI3. 50  net  per 
volume). — It  is  a  matter  of  satisfaction  to  notice  that  the  pablica- 
tion  of  this  great  work  of  reference  has  been  completed  within 
two  calendar  years,  so  that  the  whole  work,  of  recent  date,  is  now 
available  for  use.  There  is  no  doubt  that  this  dictionary  is  of 
the  greatest  importance  and  value,  and  that  it  is  essential  to  the 
e<iuipment  of  all  libraries  where  reference  to  chemical  topics  is 
demanded.  The  present  volume  contains  many  mteresting 
articles,  such  as  thoxe  on  sodium,  spectrum  analysis,  starch,  sugar, 
sulphur,  sulphuric  acid,  synthetic  arugs,  tanuinx,  vegeto- alkaloids, 
water,  destructive  distillation  of  wood,  and  many  others.  The 
modern  treatment  of  the  subjects  is  illustrated  by  an  excellent 
account,  under  sulphur,  of  the  Trasch  method  of  mining  this 
substance  as  practiced  in  Louisiana,  and  in  general,  throughout 
the  whole  work,  the  topics  appear  to  be  ably  treated  from  the 
moNl  recent  point  of  view,  h.   l.  w. 

4.  Alk7i's  Commercial  Organic  Analysis;  Fourth  Edition, 
entirely  rewritten,  edited  by  W.  A.  Davis  and  SAUtrEL  S. 
SAriTLER.  Vol.  VIIL  8vo,  pp.  096.  Philadelphia,  1913  (P. 
Blakiston's  Son  &  Co.  Price  to.OO  net). — This  is  the  last  volume 
of  this  important  work,  but  it  is  proposed  to  issue  at  a  later  date 
a  supplementary  volume  containing  a  complete  reference  iudex 
of  the  whole  work,  and  including  also  such  additions  as  are 
needed  to  bring  the  work  up  to  date. 

The  preseni  volume  deals  with  enzymes,  pi-oteins  and  albumi- 
noid substances,  milk  and  milk  products,  meat  and  meat  products, 
hiemoglobin  and  blood,  proteoids,  fibroids.  This  volume  con- 
tains much  valuable  information  for  those  who  are  interested  in 
the  chemistry  of  foods,  and  the  whole  work  is  a  most  impoitant 
and  useful  addition  to  the  literature  of  industrial  analysis. 

H.    I.,   w, 

5.  Chemistry,  Inorganic  and  Organic;  by  Charlss  Loudon 
Bloxam,  Tenth  Edition,  rewritten  and  revised  by  Arthur  G. 
Bi.oxAM  and  S.  JtiDD  Lewis.  Large  8vo,  pp.  878,  Philadel- 
phia, 1913  (P.  Blakiston's  Son  &  Co,  Price  J5.00  net).— The 
first  edition  of  this  work  appeared  in  1867.  The  editors  of  the 
present  edition  have  endeavored  to  maintain  the  reputation  of 
the  book  as  the  most  compendious  work  on  chemistry  in  a  single 
volume,  and  it  appears  that  they  have  very  successfully  carried 
out  this  aim.  The  book  is  intended  for  students  of  chemistry  as 
well  as  for  those  professionally  interested  in  the  science.  It 
gives  a  very  full  account  of  modern  chemical  facts  and  theories, 
and  it  describes  and  illustrates  many  important  experiments.     It 

live  enough  to  serve  well  as  a  book  of  reference  in  con- 


DcillizedoyGOOJ^IC 


Chemistry  and  Physics.  275 

nection   with   ordinary  chemical  topics,  and  ia  general  it  ia  an 
excellent  and  usefal  book.  h.  l.  w. 

6.  Quantitative  Chemical  Atudysis ;  by  Clowes  and  Cole- 
man. 8vo,  pp.  577.  Philadelphia,  1914  (P.  Blakiaton'a  Son  & 
Co.  Price,  $3.50  net). — This  is  the  tenth  edition  of  a  well-known 
and  widely-used  text-book,  which  discusses  general  processes, 
gives  courses  in  simple  gravimetric  eatimations  and  in  volumetric 
analysis,  and  gives  an  extensive  treatment  of  many  kinds  of 
indaetrial  analysis,  including  the  examination  of  ores,  alloys, 
fuels,  silicates,  water,  foods,  soaps,  oils,  gases,  etc.  Ultimate 
organic  analysis  and  molecular  weight  determination  are  treated 
also.  Besides  a  TGviKion  of  the  text,  several  important  additions 
have  been  made  in  the  form  of  an  appendix.  h.  l.  w. 

7.  Industrial  Organic  Analysis ;  by  Padi.  S.  Arup.  12mo, 
pp.  340.  Philadelphia,  1913  (P.  Blakiston's  Son  &  Co.).— This 
book  is  intended  for  the  use  of  advanced  students  in  chemistry, 
giving  them  some  insight  .into  methods  of  industrial  analysis. 
The  materials  included  within  the  scope  of  the  volume  are  coal 
and  coke,  coal  tar  and  its  distillation  products,  fats  and  oils, 
soap,  petroleum  products,  milk  and  butter,  starch  and  its  prod- 
ucts, and  food  preservalives  and  colors.  A  list  of  references  is 
appended  to  each  chapter.  The  point  of  view  is  English,  which 
rather  detracts  from  the  value  of  the  book  for  American  students' 
use,  A.   L.   D. 

S.  The  Radioactive  Origin  of  the  Color  of  Zircons. — Some  in- 
teresting properties  of  the  zircons  are  discussed  in  a  very  recent 
paper  by  the  Hon  R.  J.  Stbctt.  The  communication  deals  only 
with  the  brown  crystals  of  which  two  kinds  may  be  distinguished  : 
the  common  opaque  brown  variety  which  occurs  in  Norway  and 
}forth  Carolina,  and  the  transparent  reddish  brown  kinds  known 
as  "  bvacinth "  which  may  be  obtained,  for  instance,  from 
Expailty  in  Auvergne,  from  Unkel  on  tlie  Rhine,  and  from  Camp- 
bell Island,  New  Zealand,  it  ia  a  noteworthy  fact  that  the  opaque 
variety  occurs  in  plutonic  rocka,  such  as  syenites,  and  the  trans- 
parent only  in  ba.-alts  and  other  lavaa.  Furthermore  hyacinths 
lose  their  reddish  brown  color  completely  when  heated  to  a  tem- 
perature of  about  300°  C.  Since  zircon  strongly  resists  chemical 
attack  the  question  at  once  arises  as  to  how  this  mineral  acquired 
its  color,  when  the  high  temperature  of  its  original  matrix  is  taken 
into  account.  Again,  the  transparent  zircons  are  thermolumines- 
cent. These  crystals,  when  moderately  heated,  give  out  a  phos- 
phorescent glow  and  simullaneousiy  lowe  their  tint.  Also  this 
glow  does  not  recur  on  subsequent  heating  of  the  same  specimen. 
Hence  the  query  ;  How  has  the  capacity  of  native  unhealed 
ci'ystalfi  to  glow  been  recovered  ? — for  presumably  it  was  not 
possessed  by  the  crystals  when  they  first  cooled  down  in  the 
molteo  lava. 

The  keynote  to  the  explanation  of  the  apparent  difficulties  just 
suggested  is  given  by  the  fact  that  crystals  decolorized  by  heat 
have   tbeir   color  restored   by   exposure  to  the  radiations  from 


Dcillizedoy  Google 


2T6  Scientific  Intelligence. 

radiam.  One  day's  expoeure  to  &  few  milligrams  of  radium  pro- 
duces a  diatinct  effect  in  restoring  the  color.  At  the  same  time 
the  property  of  tbermoluminescence  is  acquired.  Moreover  Stmtt 
showed,  in  the  year  1906,  that  eircon  is  a  distinctly  radioactive 
mineral,  containing  hundreds  of  times  as  much  radioactive  matter 
as  ordinary  rock  masses.  He  therefore  advances  the  hypothesis 
that  "  the  eireona  found  in  lavas  have  had  their  colour  and 
thermolumineicence  restored  by  the  tloK  action,  during  protonged 
ages,  of  the  radium  thejf  themselves  contain."  Unfortunately  the 
color  of  fresh  crystals  is  saturated,  that  is,  further  exposure  to 
radioactive  matter  does  not  deepen  it.  Consequently,  it  is  not 
possible  to  determine  the  age  of  hyacinths  from  the  rate  of  colora- 
tion and  the  amount  of  radioactive  material  present.  Experi- 
ments were  performed  to  test  this  point  and  it  was  found  that  the 
original  saturated  tint  was  imparted  to  a  specimen  which  had 
been  decolorized  by  heating  and  then  exposed  for  four  days  to 
the  radiations  from  a  radium  salt. 

On  the  other  hand,  the  opaque  brown  zircons,  as  originally 
found,  are  not  thermoluminescent  and  they  cannot  be  made  so 
by  exposure  to  radium.  Furthermore  they  do  not  lose  their  color 
when  moderately  heated.  Since  there  are  reasons  for  believing 
that  hyacinths  are  formed  from  these  opaque  zircons  by  the  action 
of  a  bath  of  molten  basalt,  an  attempt  was  made  to  imitate  this 
process  experimentally.  Basalt  was  kept  melted  in  a  platinum 
crucible  over  a  gas  furuace  and  some  opaque  zircons  were 
immersed  in  the  molten  mass  for  34  hours.  After  this  they  were 
extracted  and  found  to  be  quite  white,  though  not  transparent. 
On  exposure  to  radium  they  assumed  the  redder  tint  of  hyacinths 
and  became  thermoluminescent.  In  conclusion  Strutt  says:  "The 
only  outstanding  puint  is  the  transparency  of  natural  hyacinths." 
"This  may  result  in  some  way  from  the  gently  increaning,  very 
prolonged  action  of  the  molten  basalt  under  geological  conditions, 
which  cannot  be  artiflcally  imitated." — J^oc.  Roy.  Sac,  vol. 
Ixxxix  (A),  p.  405.  II,  a.  U. 

9.  Suppression  of  the  Photoelectric  J^ecl. — A  great  step  in 
advance  seems  to  have  been  made  by  the  theoretical  considera- 
tions and  experimental  skill  of  K.  Fredbnhaoen  and  Hams 
K&STNRB.  For  lack  of  space  a  description  of  the  apparatun  used 
and  an  account  of  the  extraordinary  refinement  of  the  method 
will  not  be  given.  The  experimental  data  refer  only  to  zinc, 
since  the  investigation  of  other  metallic  surfaces  is  still  in 
progress.     The  results  obtained  may  be  summarieed  as  follows  : 

(1)  Mo  measurable  photoelectric  effect  can  be  obtained  with  pure 
zinc  surfaces  when  all  traces  of  reactive  eases  have  been  removed. 
That  is,  the  photoelectric  effect  is  less  than  one  thousandth  part 
of  the  value  found  utider  ordinary  experimental  conditions. 

(2)  The  "  fatigne  "  which  occurs  in  the  presence  of  reactive  gases 
can  be  aucounted  for  by  the  reaction  with  adsorbed  gases.  The 
"recovery  "is  explained  by  the  di^nxion  of  reactive  gases  towards 
the  zinc,  whereby  the  velocity  of  the  reaction  and  consequently 
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the  streDgtb  of  the  photoeleotrio  current  are  conditioned  by  the 
ooDcent ration  of  tbe  reactive  ^asea  at  the  zinc  surface.  The  time 
variation  of  the  photoelectric  current  can  be  changed  multi- 
fariously by  suitable  combinations  of  the  two  processes  conatitut- 
ing  fatigue  and  recovery, 

(3)  So  long  as  ionization  by  collision  does  not  enter  as  a  factor, 
the  pressure  of  neutral  gases  has  no  influence  on  tbe  majj^nitude  of 
the  photoelectric  effect. —  Physik.  Zeitschr.,  No.  2,  Feb.,  1914, 
pp.  65,  68.  H.  s.  V. 

10.  The  l^eet  of  Temperature  oh  Xray  J)\fraclion  PaUerna. 
— DeBboglie:  immersed  a  cubical  crystal  of  rock  salt  in  liquid 
nitrogen  during  an  entire  exposure  with  ROntgen  rays  and 
obtained  a  photographic  negative  which  was  sensibly  the  same  as 
had  been  previously  gotten  with  the  same  crvstal  at  the  ordinary 
room  temperature.  In  other  words,  the  numoer,  relative  position, 
and  sharpness  of  the  imaf^es  appeared  to  be  the  same  at  both 
temperatures.  The  same  investigator  tested  a  ci'jstal  of  tour- 
maline at  a  bright  red  heat  and  at  the  temperature  of  liquid  air. 
The  only  varialion  shown  by  the  negatives  seemed  to  be  a  very 
slight  decrease  in  intensity  of  tbe  photographic  impressions  oor> 
respoDdiog  to  the  higher  temperature. 

These  results  are  in  accord  with  the  mathematical  analysis  of 
P.  Debije.  It  also  comes  out  from  thia  theory  that  as  the  tem- 
perature of  a  crystal  is  raised  the  points  close  to  the  central  image 
are  less  influenced  than  the  more  remote  images.  Since  the  work 
of  deBroglie  on  tbe  sharpness  of  the  points  at  different  tempera- 
tures needed  verification,  the  problem  has  been  taken  up  anew 
by  M.  V.  Laub  and  J.  Stepr.  van  deb  Linoen.  The  experi- 
mental method  consisted  eeseptially  in  passing  X-rays  from  the 
same  bulb  eimnltaneously  through  two  specimens  taken  from  tbe 
same  crystal.  Both  pieces  were  subjected  to  as  ne.arly  identical 
conditions  as  possible  in  all  respects  save  one,  namely,  the  one 
crystalline  fragment  was  heated  in  an  electric  oven  while  the 
other  was  either  kept  at  room  temperature  or  plunged  in  liquid 
air.  Bock  salt  and  mica  were  investigated  from  320°  C.  and 
400°  C.  respectively  down  to  —  190°C.  The  authors  conclude 
from  their  work  that,  at  least  qualitatively,  the  theory  of  Bebije 
on  the  influence  of  temperature  is  veriGed. — LeJtadium,  June, 
19ia,  p.  196  ;  Phyaik.  Zeitschr.,  No.  2,  p.  75,  1914.         h.  8.  P. 

\1.  A  Method  of  Measuring  the  Preaaure  Produced  in  the 
Detonation  of  High  Mrplosioes  or  by  the  Impact  of  BuUeta. — 
Some  interesting  and  instructive  data  relative  to  the  preceding 
title  have  been  recently  obtained  by  Bebtb&u  Hofkimson.  The 
apparatus  used  may  be  briefly  described  as  follows  :  A  cylindri- 
cal steel  rod  is  suspended  after  the  fashion  of  a  ballistic  pendulum. 
To  one  end  of  this  rod  a  short  segment  of  the  same  specimen  of 
Steel  and  having  the  same  cross-section  is  caused  to  adhere  by 
magnetic  attraction.  The  ends  of  the  rods  which  are  in  contact 
have  to  be  accurately  plane  and  smooth.  Beyond  the  short  end- 
piece  an  ordinary  ballistic  pendulum  is  hung  up  so  as  to  catch  the 
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end-piece  when  it  flies  off  from  the  longer  steel  rod.  With  this 
assemblage  of  apparatus  it  is  eaoy  to  determine  the  momenta  of 
the  steel  rod  and  of  its  extension  after  an  impulsive  force  has 
been  applied  to  the  end  of  the  rod  (the  free  end)  which  is  more 
remote  from  the  ancillary  ballistic  pendulum. 

The  following  outline  of  the  elementary  theory  of  the  action  of 
the  steel  rods  may  not  be  superfluous.  When  a  rifle  bullet  is  fired 
against  the  end  of  a  steel  rod,  or  when  some  gun-cotton  is 
detonated  near  this  end,  a  wave  of  pressure  is  propagated  along 
the  rod  with  the  speed  of  sound  in  steel.  This  compressional 
ware  travels  practically  unchanged  across  the  plane  of  contact  of 
the  rod  and  its  end-piece,  provided  the  pieces  of  metal  are  in 
good,  firm  contact.  At  the  free  end  of  the  shorter  rod  the  dis- 
turbance is  reflected  as  a  wave  of  tension,  and  hence  the  pressure 
at  any  oross-seclion  is  obtained  by  adding  the  effects  of  the 
pressure  and   tension   waves.     At  the  interface  of  the  rods  the 

fressure  persists  until  the  head  of  the  tension  wave  arrives  there, 
f  the  tail  of  the  pressure  wave  bas  then  passed  the  joint  the  end- 
piece  flies  off,  having  trapped  within  it  the  whole  of  the  momen- 
tum of  the  blow,  and  the  longer  rod  is  left  completely  at  rest. 
The  length  of  end-piece  which  is  just  sufficient  to  entirely  stop 
the  mam  rod  is  equal  to  half  the  length  of  the  compressional 
wave,  and  the  duration  of  the  blow  is  twice  the  time  taken  by 
this  wave  to  travel  the  length  of  the  steel  extension.  Further,  it 
can  be  proved  that  the  momentum  trapped  in  very  short  end- 
pieces  will  be  equal  to  the  maximum  pressure  multiplied  by  twice 
the  time  taken  by  the  wave  in  traversing  the  end-piece.  Thus 
by  experimenting  with  different  lengths  ofend-pieces  and  deter- 
mining the  momentum  with  which  each  flips  off  the  rod  as  a 
result  of  the  blow,  it  is  possible  to  measure  both  the  duration  of 
the  blow  and  the  maximum  pressure  developed  by  it. 

The  method  was  first  tested  by  firing  lead  projectiles  a<iainst 
the  free  end  of  the  steel-rod  pendulum.  With  speeds  of  TOO, 
1240,  and  2000  feet  per  second  the  observed  "maximum  pres- 
sures" were  found  to  be  5330,  16700,  and  42600  "lb."  respec- 
tively. The  corresponding  calculated  values  are  given  as  5450, 
15700,  and  43500  "lb."  The  computations  are  based  on  the 
assumption  thfit  a  lead  bullet  behaves  on  impact  as  a  fluid.  It 
then  follows  that  the  time  required  to  completely  slop  the  bullet, 
which  is  the  duration  of  the  blow,  is  equal  to  the  time  taken  by 
the  proJL'Ctile  to  travel  its  own  length,  and  also  that  the  maximum 
pressure  is  equal  to  the  mass  per  unit  length  in  the  section  of 
greatest  area  multiplied  by  the  square  of  the  speed.  In  the  case 
of  the  highest  speed  used  the  observed  duration  of  the  blow  is 
about  6  per  cent,  greater  than  the  time  taken  by  the  missile  to 
travel  its  own  length.  This  discrepancy  can  be  accounted  for  on 
the  ground  that  the  conditions  postulated  in  the  simple  theory 
are  not  entirely  fulfilled  by  the  experimental  tests.  For  example, 
the  lead  does  not  act  as  a  perfect  fluid,  and  the  pressure  exerted 
by  the  bullet  is  not  uniformly  distributed  over  the  eud.     Experi- 
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tnents  with  rods  of  different  diameter  showed  that  the  larger  ones 
give  higher  values  for  the  estimates  of  the  duration  of  impact. 

Having  thus  satixtied  himself  that  the  experimental  method 
gives  approximately  correct  results,  Hopkintion  next  performed 
some  similar  experiments  on  gun-cotton.  Cylinders  of  dry  gun< 
cotton  1-25  in.  x  126  in.  and  weighing  about  1  oz  ,  were  detonated 
with  fulminate  at  a  distance  of  about  075  in.  from  tbeend  of  the 
steel  rod.  The  average  value  of  the  pressure  during  an  interval 
of  10~*  sees.,  in  the  neighborhood  of  the  maximum,  wau  found  to 
he  about  30  tons  per  square  inch.  The  absolute  maximum  is  of 
course  considerably  higher.  The  pressure  had  practically  disap- 
peared in  1/50,000  sec,  so  that  at  least  80  per  cent,  of  the  impulse 
of  the  blow  had  been  delivered  within  that  time.  When  the  gun- 
cotton  was  exploded  in  contact  with  the  rod  the  blow  was  dead- 
ened by  the  deformation  of  the  steel.  Nevertheless,  the  conclusion 
was  reached  that  the  maximum  pressure  at  the  surface  of  contact 
is  at  least  double  what  it  is  when  an  air  gap  of  O'T.*)  in.  is  inter- 
posed. The  results  obtained  for  gun-cotton  throw  some  light  on 
the  nature  of  the  fracture  which  is  produced  by  the  detonation  of 
this  explosive  in  contact  with  a  mild  steel  plate.  The  effect  of 
the  explosion  is  to  give  speed  to  the  parts  of  the  plate  with  which 
the  gun-cotton  was  in  contact,  the  remainder  being  left  at  rest. 
For  example,  in  a  plate  1  inch  thick  the  speed  imparted  by  a  slab 
of  gun-cotton  of  about  the  same  thickness  is  roughly  200  feet  per 
second.  In  static  tests  on  mild  steel  the  metal  flows  when  the 
■hearing  stress  is  of  the  order  of  10  tons  per  square  inch,  and  no 
materially  greater  stress  can  esisi.  On  the  other  hand,  if  the 
rate  of  straining  is  sufficient,  the  viscosity  of  the  flowing  metal 
becomes  important,  and  the  shearing  stress  may  approximate  to 
the  value  corresponding  to  perfect  elasticity.  Assuming  this  con- 
dition to  be  fulfilled  in  the  case  of  the  mild  steel  plate  1  inch 
thick,  shearing  stresses  of  the  order  of  100  tons  per  square  inch 
may  be  produced.  The  shearing  stress  is  accompanied  by  tension 
which  may  be  sufficient,  under  the  given  conditions,  to  overcome 
the  forces  of  cohesion.  Thus  the  steel  is  cracked  in  spite  of  its 
ductility,  just  as  cool  pitch  may  be  broken  by  the  blow  of  a  ham- 
mer. From  the  measured  duration  of  the  pressure  produced  by 
gun-cotton  it  may  be  inferred  that  the  speed  of  shear  necessary 
to  fracture  mild  steel  is  of  the  order  of  1000  radians  per  second. 
The  shattering  of  the  plate  probably  occurs  within  two  or  three 
hundred-thousandths  of  a  second,  that  is,  while  the  pressure  is 
acting  and  before  appreciable  deformation  has  had  time  to  set  in. 
The  observed  bending  of  the  steel  fragments  occurs  subsequently 
and  is  dne  to  the  relative  velocities  which  remain  in  the  different 
parts  of  each  piece  of  the  plate  after  the  plate  has  been  broken 
and  the  pressure  has  ceased  to  act. — Froc.  lioy.  Sue,  vol.  Ixxxix 
(A),  p.  411.  H.  s.  c. 
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II.     Geology  and  Natcbal  Histokt. 

1.  Thirty-fourth  Annual  Report  of  the  Director  of  the  UniUd 
States  Qeological  Sttrvey,  George  Otis  Suith,  to  the  ^rretary 
of  the  Interior,  for  thejincal  year  ended  June  SO,  1913.  Pp.  1 83, 
2  maps. — During  the  fiscal  year  1912-13,  geologic  field  work  was 
carried  on  in  45  states  and  Alaska.  Topographic  mapping  was 
continued  in  26  states,  in  addition  to  Alaska  and  Hawaii,  and 
underground  water  investigations  were  proseonted  in  19  states. 
This  field  work  involved  378  members  of  the  regular  Survey 
staff,  besides  an  even  larger  number  of  temporary  assistantB. 
The  publications  for  the  year  include  1  Monograph,  5  Profes- 
sional Papers,  28  Bulletins,  SB  Water-supply  Papers,  4  Geologic 
Folios,  and  102  topographic  maps.  Noteworthy  features  of  the 
geologic  work  are  the  increased  attention  to  coastal  plain  geol- 
ogy, and  the  lack  of  recognition  of  physiography.  The  report  of 
the  Chief  Geographer  shows  that  38-9  per  cent  of  the  United 
States  has  been  covered  by  topographio  maps.  The  Land  Classi- 
fication Board,  with  a  personnel  of  35,  has  amply  demonstrated  its 
usefulness  as  scientific  adviser  to  the  government  in  matters  relat- 
ing to  the  public  domain.  The  public's  interest  in  natural 
resources  is  protected,  titles  are  secured  more  promptly,  and  large 
sums  formerly  expended  for  field  investigation  by  the  Indian 
Office  and  the  Land  Office  are  saved  to  the  public  treasury.  The 
contribution  of  the  Survey  to  educational  and  economic  needs 
is  indicated  by  the  fact  that  during  the  year  1912-13,  375,213 
books,  40,387  folios,  and  64^,373  maps  were  distributed. 

It  is  discouraging  to  note  that  in  the  face  of  increased  demands 
on  the  Survey's  time  and  funds,  and  the  increased  valne  of  the 
organization  as  an  economic  and  educational  factor,  the  appro- 
priation for  1913  was  less  than  that  for  1912,  and  that  out  of  a 
total  of  tl,497,920,  only  f236,000  was  available  for  geologic 
work.  The  volume  and  quality  of  work  has  been  maintained 
only  by  exercising  rigid  economy,  by  working  overtime,  cutting 
out  leave  of  absence  and  sick  leave.  I'be  organisation  is  evi- 
dently undermanned  and  under-equipped.  The  Sarvey  force  is 
also  underpaid,  with  the  natural  result  that  41  geologists  have 
left  the  service  since  July,  1909,  and  have  obtained  an  average 
immediate  financial  gain  of  149  per  cent.  h.  e.  g. 

2.  Publications  of  the  United  States  Geologieai  Survey.— 
Recent  publications  of  the  U.  S.  Geological  Survey  are  noted  in 
the  following  list  (continued  from  vol.  xxxvi,  pp.  424,  425)  : 

Foi-ios. — No.  185.  Murphy sboro-Herrin  Folio,  Illinois;  by  E. 
W.  Shaw  and  T.  E.  Savaoe.  In  cooperation  with  the  Geologi- 
cal Survey  of  Illinois.  Pp.  IS  ;  3  colored  maps,  giving  topog- 
raphy and  geology,  13  figs. 

No.  187.  EUijay  Folio,  Georgia-North  Carolina — Tennessee; 
by  Laukesck  La  Forge  and  W.  C.  Phalen.  Pp.  17;  4  colored 
maps,  topography  and  geology,  7  figs. 
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No.  168.  Tallula-Springfield  Folio,  IllinoU;  by  E.  W.  Shaw 
&nd  T.  E.  Savage.  Pp.  12;  2  colored  maps,  topography  and 
geology. 

Xo.  189.  Barnesboro-Patton  Folio,  PenDsylvania;  by  Mabiub 
R.  Campbkll,  Fhedbbick  G.  Clapp,  Cuaklks  Butts.  In  co- 
operation   with    the    State    of  Feimsylvania.     Pp.  13;    3    maps, 


topography  and  geology,  1 1  figs. 
No.  190.     Niagara  Folio,  Ne 


■  York;  by  E,  M.  Kindle  and 
Frank  B.  Taylor.  Pp.  36;  4  maps,  topography  aod  geology, 
3  pages  of  illustrations  with  25  plates. 

Pbopbssional  Papers.  —  No.  76.  Th«  San  Franciscan  Volcanio 
Field,  Arizona;  by  Henry  H.  Robinson.  Pp.  -213;  14  pis.,  36 
figs.     See  notice  on  p.  202,  February  number. 

No.  e5-B.  The  Mud  Lumps  at  the  Mouths  of  tbe  Mississippi; 
by  Eugene  W.  Shaw.     Pp.  11-27;  3  pis.     6  figs. 

No.  B6-C.  Interpretation  of  Anomalies  of  Gravity;  by  Grove 
E.  Gilbert.     Pp.  29-37;  one  plate,  one  figure. 

MiNBBAL  Bbsourcbs  for  tbe  United  States  in  1912,  numerous 
advance  chapters, 

BnLLKTiNs. — No.  531.  Contributions  to  Ek^onomic  Geology, 
1811,  Part  II,  Mineral  Fuels.  Maeius  R,  Campbell,  Geologist 
in  charge.     Pp.  361;  24  pis.,  10  figs. 

No.  536.  The  Noatak'Kobuk  Region,  Alaska;  by  Philip  S. 
Smith.     Pp.  160;  15  pis.,  one  fig. 

No.  538.  A  Greologic  Reconnaissance  of  the  Circle  Quad- 
rangle, Alaska;  byU  M.  Pbindle.     Pp.  82;  13  pis.,  2  figs. 

^o.  539.  Some  Ore  Deposits  in  Northwestern  Custer  County, 
Idaho;  by  Joseph  B,  Umpleby.     Pp,  104;  10  pis,,  4  figs. 

No.  542.  Mineral  Resources  of  Alaska:  Report  on  Progress  of 
Investigations  in  1912;  by  Alfred  H.  Bbookb  and  others.  Pp. 
308,  10  pis.,  7  figs. 

No,  645.  Bibliography  of  North  American  Geology  for  1912, 
with  subject  index;  by  John  M.  Nicelbs.     Pp.  192. 

No.  555.  Results  of  Spirit  Leveling  in  Indiana  1897  to  1911, 
inclusive.     R.  B.  Mabshall,  Chief  Geographer.     Pp.  51. 

Wateb-Sdfply  Papers. — No.  295,  Gazetteer  of  Surface 
Waters  of  California,   Part  I.    Sacramento  River  Basin.     Pre- 

fared  under  the  direction  of  John  C.  Hoyt,  by  B.  D.  Wood, 
'p.  99.     Washington,  1812. 

Nos.  302,  303.  Surface  Water  Supply  of  tbe  United  States 
IBU,  prepared  under  the  direction  of  M.  O.  Leighton.  No,  302, 
Part  II.  SoQth  Atlantic  Coast  and  Eastern  Gulf  of  Mexico 
Drainage  Basins;  by  M.  R.  Hall  and  C.  H.  Pierce.  Pp.  90,  4 
pis.  No,  303,  Part  III.  The  Ohio  River  Basin;  by  A.  H. 
HoRTON,  M.  R,  Hall,  and  H.  J.  Jaci^son.     Pp.  112;  4  pis. 

No,  310.  Geology  and  Ground  Waters  of  Florida;  by  Geoerb 
C,  Matson  and  Samuel  Sanford,     Pp.  445;  17  pis.,  1  figs. 

No.  320.  Geology  and  Water  Resources  of  Sulphur  Spring 
Valley,  Arizona;  by  O.  E.  Meinzeb  and  F,  C.  Kelton,  with  a 
section  on  Agriculture  by  R.  H.  Fobbeb.  Pp.  231;  15  pis,  and 
32  figs. 
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No.  333.  Ground  Water  in  Boxelder  and  Tooele  Counties, 
Utab;  by  Etekett  Cakpbntek.     Pp.  90,  2  pie.,  9  figs. 

No.  334.  The  Ohio  Valley  Flood  of  March-April,  1913 
(including  comparisone  with  some  earlier  floods);  by  A.  11. 
lloRTON  and  H.  J.  Jackson.     Pp.  96;  19  tables,  22  pie. 

No.  337.  The  Effects  of  Ice  on  Stream  Flow;  by  William  G. 
HoTT.     Pp.  77 ;  7  pis. 

3.  Commission  Internationale  des  Glaciers.  I/es  Variatiotu 
P&riodiqHes  des  Qlaciert,  XITI"^'  Rapport,  1912 ;  by  Charles 
Kabot  and  P.  L.  Mercantow,  Annales  de  Glaciologie,  viii, 
pp.  42-62,  1913.  With  Supplement,  pp.  191-202.— Owing  to  the 
nnuBual  climatic  conditions,  the  glaciers  of  the  Swiss  Alps 
increased  in  volume  during  191S  and  more  than  compensated  for 
the  decrease  recorded  in  lOl  1.  Of  52  glaciers  noted,  2  undoabt- 
edly  and  9  probably  advanced  during  the  year,  while  25  show 
recession.  The  corresponding  figures  for  1011  based  on  67 
glaciers,  are  1,  1,  and  42  respectively.  In  the  eastern  Alps  the 
conditiouR  for  glacial  studies  were  very  unfavorable  during  1912, 
but  such  observations  as  were  made  indicate  that  while  three 
Bmall  glaciers  advanced  slightly,  the  tendency  to  decrease  is  still 
maintained.  The  few  glaciers  measured  in  the  Italian  Alps  are 
with  one  exception  receding.  While  certain  of  the  glaciers  abont 
Alont  Blanc  and  the  Massif  du  Felvoux  exhibit  an  increase  of 
mass  above  their  snouts,  the  tendency  to  a  general  increase  eag- 
geeted  by  the  behavior  of  the  glaciers  in  the  French  Ali)S  during 
1911  was  not  evident  in  1912.  L.  Gaiirier  reports  for  the 
Pyrenees  that  the  ice  maKses  in  the  basin  Gave  de  Pau  have  for 
several  years  shown  indications  of  an  increase  in  length  and 
volume.  The  glaciers  of  north  Sweden  continue  to  grow  in 
length.  In  Norway  all  glaciers  in  the  Jotunheim  mountains 
exhibited  decreases  during  1911-12,  varying  from  0-2  to  29 
meters.  On  the  western  and  northern  borders  of  Norway  four 
tongues  of  the  Jostedalsbrae,  two  in  the  Oketind  mountains  and 
one  of  the  Svartis  glacier»>,  have  advanced  ;  27  others  have 
receded.  Observations  of  North  American  glaciers  indicate 
marked  retreat  of  ice  tongut^a  on  Mount  Rainier  during  the 
period  18(Ji)-H)12.  Recent  surveys  show  a  decrease  in  length  of 
the  Nisqually  glacier  of  300  meters  since  1885.  The  Alaskan 
glaciers  are  in  retreat  and  the  grand  Pacific  glacier  shows  the 
unprecedented  decrease  of  25  kilometers  since  1879.  During  the 
months  of  June  and  July,  1!)!!?,  this  glacier  retreated  more  than 
l-J  kilometers.  Scattered  observations  in  Greenland  indicate  that 
conditions  tending  to  decrease  of  glaciers  are  prevalent. 

The  reports  of  the  International  Glacier  Commission  are 
becoming  each  year  more  valuable  because  of  the  increased 
attention  paid  to  the  variation  in  the  controlling  climatic  factors. 

H.    B.    G. 

4.  Tey.t-hook  of  Paleontology.  Adapted  from  the  German  of 
Kabl  A.  vny  Zittkl,  Second  edition,  revised  and  enlarged  by 
Chaki.eis  R.  Eaktma>',  with  the  collaboration  of  other   paleon- 
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tologistfi.  London,  1913  (Macmillan  and  Co.  Price  (6.90). — 
Invertebrate  paleoDtologiate  have  long  been  looking  for  the 
iecond  edition  of  the  well  known  Zittel-Eastman  Text-book  of 
Paleontology,  tbe  first  edition  of  which  was  pnbiisbed  in  1000  and 
has  long  been  out  of  print.  Tbe  lirat  edition  had  7u6  pages  with 
1476  illuHtrationB  ;  tbe  new  book  has  grown  to  839  pages  and 
1594  illustrations.  In  the  previons  edition,  the  editor  bad  the 
assistance  of  twelve  collaborators,  and  of  these  three  only  have 
taken  part  in  the  present  edition,  but  the  latter  contains  the  work 
of  fourteen  new  collaborators.  It  is  essentially  an  American 
revision,  with  the  assistance  of  Doctor  W.  T.  Caiman  of  the 
British  Museum  (Natural  History)  and  Doctor  Anton  Handlirsob 
of  the  Royal  Natural  History  Museum,  Vienna. 

The  book  is  aa  up-to-date  as  a  work  of  this  kind  can  be  and 
treats  of  all  classes  of  invertebrates  found  fossil.  More  than 
5400  genera  are  considered,  illustrated,  or  referred  to  the  proper 
place  ia  tbe  organic  classi6cation  and  tbe  geologic  column. 

Tbe  greatest  changes  from  the  first  edition  are  in  the  following 
groups :  Foraminifera  (by  Cusbman),  Hexacoralla  (Vaiigban), 
Graptolitoidea  (Ruedemann),  Cystuidea  and  Crinoidea  (Springer), 
Echinoidea  (Jackson),  Bryozoa  (Bassler,  who  has  seen  to  it 
that  the  Trepostomata  Bryozoa  no  longer  parade  among  the 
tabulate  corals),  Brachiopoda  (Schuchcrt),  Gastropoda  (Dall), 
Ammonoidea  (J.  P.  Smith),  Trilobita  (Raymond),  Brancbiopoda 
and  Ostracoda  (Bassler),  Malacostraca  (Caiman),  Merostomata 
(John  M.  Clarke),  scorpions,  spiders,  etc,  (Petrunkevitch),  and 
insecta  (Handlirsch). 

The  book  will  be  of  great  service  to  all  paleontologists  and 
teachers  of  graduate  courses  in  paleozoology  and  stratigraphic 
geology,  c.  s. 

5.  The  Life  of  the  MoUmca ;  by  B.  B.  Wood-ward.  Pp.  xi, 
158;  32  plates  and  map.  London^  1913  (Methuen  and  Co.). — 
This  book,  by  a  well  known  naturalist,  gives  an  accurate  sum- 
mary of  tbe  living  MoUusca  from  a  semi-popular  viewpoint,  with 
an  abundance  of  good  illustrations  arranged  in  thirtv-two  plates 
at  the  end  of  tbe  work.  At  six  shillings  tbe  book  is  not  expen- 
sive, though  one  wishes  for  better  binding.  The  reader  is  first 
made  acquainted  with  tbe  general  structure  of  the  various  types 
of  shell-tish,  and  then  with  their  classification.  Chapter  three 
recites  very  briefly  t!ie  geological  history  of  the  phylum  and  the 
next  cb.tpter  gives  the  zoogeography  as  arranged  in  nineteen 
marine  "provmces"  and  thirty-one  land  "regions,"  that  are  also 
indicated  on  a  mercator  map  of  tbe  world.  How  the  molluscs 
live  is  next  described,  and  following  it  their  reproduction  and 
something  of  their  evolution.  Tbe  final  chapter  is  on  instinct, 
intelligence,  and  utility.  c.  s. 

6.  Victoria  Memorial  Museum,  Bulletin  jVo.  J,  191S.— This 
new  serial  of  the  Geological  Survey  of  Canada  is  intended  to 
bring  out  the  results  of  the  staff  at  work  upon  tbe  collections  in 
the  Victoria  Memorial  Museum  at  Ottawa.     The  articles  in  the 
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first  issue  deal  with   Paleontology  (9  papers).  Paleobotany  (2), 
Mineralogy  (1),  Natural  Hietory  (3),  and  Anthropology  (l). 

c.  s. 

7.  Atttu der  Jtryatallformen  ;  von  Victor  Goldschmidt.  Vol- 
ume II;  Text,  pp.  200;  Atlas,  plates  35].  Ileidelberf;^  1913 
(Carl  Winter's  LniverBit&tsbui^hhandlung). — The  first  volume  of 
Go  Id  Schmidt's  Atlas,  published  six  mouths  since,  was  noticed  in 
the  number  for  October,  1913  (p.  313),  and  at  that  time  the  plan 
of  the  author  was  discussed  at  length.  It  is  gratifying  to  receive 
now  volume  II  of  the  text  and  plates,  and  to  have  thus  an  evi- 
dence of  the  promptness  with  which  this  great  work  is  being 
carried  through.  Mineralogists  are  to  be  congratulated,  as  well 
as  the  author  himself,  that  the  completion  of  the  work  may  be 
looked  for  at  no  distant  date.  The  present  volume  includes  all 
the  species  from  calaverite  to  cyanocbroite,  and  the  extraordinary 
thoroughness  of  the  work  will  be.  appreciated  from  the  fact  that 
the  single  species  calcite  extends  over  152  plates,  with  a  total  of 
2544  figures.  The  wealth  of  information  thus  given  to  the  min- 
eralogical  student  is  really  extraordinary  ;  the  figures  are  grouped 
according  to  habit  and  the  completeness  of  the  whole  leaves 
nothing  to  be  desired.  Other  species  also  treated  at  length  are 
oerussiie,  with  476  figures;  celestite,  with  S70;  coiumbite,  with 
90  figures.  The  accompanying  text  gives  exhaustive  references 
to  the  literature,  with  tabular  summaries  of  the  forms  noted  on 
the  different  species. 

8.  Pal&untologie  Vegitah — Cryptogamei  celtulairet  et  crypto- 
ffamei  vatculaires ;  by  Fernaud  Pelourde  ;  preface  by  M.  R. 
Zeiller.  Small  12mo.  Pp.  xxviii,  360  with  80  figures  in  text. 
Paris,  1914  (Encyclop^die  Scientifiqne  ;  Octave  Doin  et  Fils).— 
One  of  a  five-franc  series  covering  the  pure  and  applied  sciences. 
This  is  the  most  compact  paleobotanio  text  thus  far  published. 
Print  and  illastrationB  are  good,  and  the  references  to  original 
sources  usually  given.  Including  the  recent  results  of  Paleozoic 
fern  study,  this  little  book  is  timely  and  must  prove  usable.  It 
may  be  pointed  out,  however,  that  while  the  initial  topic  Alg» 
occupying  14  pages  might  have  been  extended,  the  important 
examination  of  boghead  and  cannel  coals  by  Jeffrey  bas  been 
overlooked.  He  has  shown  conclusively  that  forms  like  Ptfo 
bibractenais,  etc.  (fig.  1)  are  not  algal  but  the  reproductive  spores 
of  tbe  commoner  types  of  coal  plants.  6.  r.  w. 

9.  Fabre,  Poet  of  Science  ;  by  Dr.  C.  V.  I.bgros  ;  with  a 
preface  by  J.  H.  Fabre.  Translated  by  Bbbnabd  Miaix.  Pp. 
352.  New  York,  1913  (The  Century  Co.).— Fabre's  ten  vol- 
umes of  Souvenirs  entomolof/iques  contain  the  most  marvelous 
and  vivid  accounts  of  the  habits  and  instincts  of  the  insect  world 
that  have  ever  been  written.  The  style  of  the  original  publica- 
tion was  so  unattractive,  however,  and  the  author  of  so  modest  a 
nature  that  the  work  remained  for  many  years  almost  unknown 
even  by  entomologists.  But  within  the  past  two  years  Fabre's  fame 
bas  spread  throughout  tbe  world,  and  many  of  the  wonderful 
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stories  of  hiB  discoveries  of  the  insects'  domestic  life  have  been 
traoalated  from  the  French,  published  as  altraottve  books,  and 
have  gained  a  wide  popularity.  Today  be  is  everywhere  recog- 
nized as  both  a  naturalist  and  a  poet. 

The  story  of  the  life  of  tbis  remarkable  man  reveals  many 
years  of  adversity,  of  struggle  againsl  poverty,  of  rebuffs  on  all 
sides  due  to  a  complete  lack  of  appreciation  of  his  work,  but  it 
also  shows  a  long  life  of  entire  devotion  to  his  chosen  Geld  of 
stndy.  It  is  a  joy  to  feel  that  Fabre  has  lived  to  the  age  of  more 
than  ninety  years,  and  has  at  the  last  received  the  homage  that 
the  world  has  given  so  tardily. 

The  book  in  hand  is  more  than  a'  mere  biography,  for  the 
writer  discusses  the  importance  of  Fabre's  contributions  to  animal 
psychology  and  their  relation  to  the  generally  accepted  biological 
theories.  A  summary  of  Fabre's  conclusions  as  to  the  meaning 
of  color  patterns,  of  structural  peculiarities,  of  characteristic 
behavior,  and  of  the  marvelously  complex  instincts  of  the 
various  groups  of  insects,  shows  the  need  of  a  re-ex  ami  nation  of 
the  factors  thonght  to  be  concerned  in  the  process  of  evolution. 

W,  E.  c. 

10.  Eleventh  Annual  Report  of  the  Bureau  of  Science,  Philip- 
pine Itlanda ;  by  Alvin  J.  Cox.  Pp.  63,  with  72  plates.  Manila, 
■"  of  F  ■ ■  - 


1913  (Bureau  of  Printing). — The  report  consists  of  a  concise 
statement  of  the  work  accomplished -during  the  year  in  the 
various  sciences  and  industries  with  which  the  Bureau  is  con- 
cerned. The  investigations  in  hand  and  completed  are  briefly 
described  and  are  illustrated  by  excellent  plates.  The  full  reports 
of  these  investigations  are  printed  in  the  special  publications  of 
the  Bureau.  w.   b.  c. 

1 1.  DiteaseK  of  Tropical  Plants  ;  by  Mklville  T.  Cook.  Pp. 
li,  SIT  ;  with  65  (ignres.  London,  1913  (Macmillan  &  Co.).— For 
very  evident  reasons,  phytopathological  research  in  the  tropics  is 
as  yet  undeveloped  compared  with  the  recent  advances  of  vege- 
table pathology  in  the  temperate  zones.  To  quote  from  Dr. 
Cook, ''  The  literature  is  very  much  scattered,  frei^uently  popular, 
without  even  a  scientific  reference  to  make  the  identity  of  the 
disease  possible,  sometimes  technical,  and  with  little  data  as  to 
the  economic  importance  of  the  disease  under  consideration,  and 
often  unreliable.  Chiefly,  for  this  reason,  a  work  of  this  char- 
acter is  of  value,  since  it  contains  the  most  important  facts  thus 
far  known  relating  to  the  common  diseases  of  tropical  plants,  and 
furnishes  a  ground  work  for  future  investigation  along  this  line. 

After  introductory  chaptcrn  on  the  structure  and  funciions  of 
plants,  the  classification  of  fungi,  and  the  causes  of  plant  dis- 
eases, such  plants  as  the  following  are  taken  up,  and  the  principal 
diseases  from  which  they  suffer  are  described:  sugar  cane,  corn, 
rice,  cotton,  citrus  fruits,  pineapple,  banana,  fig,  guava,  olive, 
tobacco,  coffee,  tea,  cacao,  rubber  and  cocoanut.  The  destructive 
diseases  are  added  of  certain  plants  which  are  grown  in  the 
tropics  as  well  as  in  the  temperate  zones,  e,  g.  potato,  tomato. 
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egg  plant,  bean,  pea,  peanut,  sweet  potato,  cucumbera,  meloDft, 
etc.  Chapters  on  prevention  and  control  methods,  fungicicleB  and 
Bprajing  apparatus,  and  a  bibliography  conclude  the  book.  For 
tne  tropical  planter  a  manual  of  this  sort  will  undoubtedly  be  of 
great  value,  and  it  will  be  also  welcomed  by  the  plant  pathol- 
ogist. A.  B.  G. 


III.       MlBCELIAHEOUS  SolENTIPtO    InTELLIQENCE. 

1.  Heport  of  the  Secretary  of  the  Smithsonian  Instilutiony 
Charles  D.  Walcott,  for  the  year  ending  June  30,  1613.  Pp. 
It9.  Washington,  1913.— Expansion  in  the  direction  of  research 
and  exploration  is  a  feature  of  the  recent  growth  of  the  Smith- 
sonian under  its  present  Secretary,  The  report,  now  issued,  ont- 
lines  numerous  invei'tigationa  going  on  and  planned  in  these  lines. 
Among  thet«  several  may  be  mentioned.  The  plans  have  been 
formulated  and  the  work  already  started  for  a  geologic  survey  of 
Panama,  in  which  the  Canal  Commission  and  the  Geological  Sur- 
vey will  alKOtake  part.  The  biological  survey  of  the  Canal  Zone, 
commenced  in  1010,  was  completed  the  past  year  as  far  as  the 
field  work  is  concerned,  and  some  of  the  results  have  been  pub- 
lished. Other  work  of  this  character  includes  the  Rainey  Afri- 
can Expedition,  explorations  in  Borneo  and  in  Siberia,  the 
anthropological  investigations  in  Peru  by  Dr.  Hrdli^ka,  and  also 
the  work  of  the  Secretary  himself  in  the  Canadian  Rockies.  The 
second  award  of  the  Lanpley  medal  for  progress  in  aSrodromics 
was  made  to  Mr.  Glenn  H.  (^urtiss,  and  it  is  mtcrcstiiig  to  note  a 
statement  recently  made  in  public  print  that  a  reproduction  of 
Langley's  original  flying  machine,  equipped  with  a  modem  motor, 
is  to  be  used  for  practical  demonstration  in  the  near  future. 

The  publications  of  the  Institution  for  the  year  make  a  total  of 
6,L'00  printed  pages,  with  an  aggregate  dislribution  of  nearly 
183,000  copies  of  pamphlets  and  bound  volumes.  In  the  work  of 
International  Exchange,  the  matter  handled  has  increased  from 
318,000  lbs.  in  18B8  "to  nearly  600,000  in  191;).  The  progress 
made  in  the  National  Museum,  the  Zoological  Park  and  in  other 
directions  of  the  Smithsonian's  activities  is  also  outlined  and  in  a 
series  of  nine  Appenduxes  detailed  statements  from  the  gentlemen 
in  charge  are  given.  With  reference  to  the  work  of  the  Astro- 
physic^  Observatory,  the  director,  Mr.  C.  G.  Abbot,  slates  that 
"  The  observations  at  Bassonr,  Algeria,  taken  in  connection  with 
those  made  simultaneously  at  Mount  Wilson,  Cal.,  have  estab- 
lished the  variability  of  the  sun.  A  variability  connected  with 
the  sun-spot  cycle  has  also  been  shown.  The  mean  value  of  ihe 
solar  constant  of  radiation  has  been  fixed,  it  is  thought,  within  1 
per  cent.  From  about  700  observations,  extending  over  the  time 
interval  from  1902  to  1913  and  taken  at  different  altitudes  from 
sea  level  to  4,420  meters,  the  mean  value  is  1,932  calories  per 
square  centimeter  per  minute.     Pyrheliometers  have  been  sent  up 
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by  means  of  sounding  balloons  to  very  great  altitudes,  and  pre- 
liminary results  indicate  that  they  give  values  of  the  solar  radia- 
tion similar  to  those  found  by  high  and  low  sun  observations  on 
homogeneous  rays."  Volume  III  of  the  Annals,  including  the 
work  of  the  years  1907  to  1912,  and  pnblisbed  the  past  year,  is 
noticed  in  vol.  xxxvi,  p.  850. 

Among  the  publications  of  the  Smithsonian  Institution  may  be 
mentioned  the  following  relating  to  the  Bnrean  of  Ethnology  : 

Twenty-eighth  Annual  Report,  1906-1907.  Pp.  308,  Jtxxv ; 
103  plates,  numerous  text  figures. 

Bulletin  53.  Chippewa  Music,  II ;  by  Fbaxces  Denshorb. 
Pp.  xxi,  341  ;  45  pis,,  6  figs. 

Bulletin  54.  The  Physiography  of  the  Rio  Grande  Valley, 
New  Mexico,  in  Relation  to  Pueolo  Culture  ;  by  Edgab  L.  Hew- 
ETT,  Junius  Henderson,  and  Wilfred  W.  Robbins.  Pp.  76  ; 
11  pis,  2  figs. 

2,  Library  of  Congress.  Report  of  the  Ziibrarian  of  Con- 
greaa,  Hkbbert  Putnam,  and  Report  of  the  Superintendent  of 
the  Xibrari/  Building  and  Grounds,  Bebnabd  R.  Green.  For 
the  Fiscal  Year  ending  June  30,  IS  1 3.  Pp.  239,  with  6  illustra- 
tions. Washington,  1913. — The  appropriations  for  the  Library 
of  Congress  for  1914  are  some  t608,0OD,  or  considerably  in  excess 
of  those  for  1913.  The  number  of  accessions  the  past  year 
includes  nearly  116,000  volumes  and  pamphlets,  a  total  which  has 
only  been  twice  exceeded  in  the  past  fifteen  years.  No  large 
groups  of  printed  books  were  presented,  but  an  aggregate  of 
11,256  pieces  were  received  by  private  gift  from  many  indi- 
viduals. The  Library  of  Congress  has  been  accepted  to  such  an 
extent  as  a  model  by  the  larger  libraries  in  the  country  that  the 
annual  report  of  the  librarian  is  always  interesiiiig  and  instruc- 
tive, particularly  to*tbose  concerned  with  this  line  of  work.  It 
may  be  noted  that  the  total  number  of  volumes  catalogued  dur- 
ing the  year  was  107,500,  and  that  the  process  of  classification 
has  gone  on  steadily  so  that  now  the  re-classifii^d  portion  of  the 
Library  contains  some  1,277,000  volumes.  The  Library  now  con- 
tains, in  round  numbers,  2,128,255  books  and  pamphlets,  135,223 
maps  and  charts,  630,799  volumes  and  pieces  of  music,  360,494 
prints  (art);  the  manuscripts  are  numerous  but  cannot  be  defi- 
nitely enumerated. 

3.  Catalogue  of  the  Lepidoptera  Phalmno!  in  the  Britith 
Muieum,  Volume  XHL  The  Noctuidce;  by  Sir  Georce  F. 
Hampson.  Pp.  xiv,  609;  127  figures  in  the  tc:Lt.  London,  1913. 
— This  volume  is  devoted  to  the  remainder  of  the  Noctuid  xub- 
family  Calocalina  and  the  subfamilies  MotnincB  and  Phytotne- 
trin<e.  The  first  named  includes  here  44  genera  and  379  species 
(or  107  genera  and  J022  species  in  all  for  this  subfamily);  the 
MominoB  embrace  11  genera  and  74  species,  the  PhytometrincB 
15  genera  and  226  species. 

Plates  CCXXII-CCXXXIX,  separately  bound,  accompany  this 
volume. 
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4.  N'apier  TercenCeiiary  CeUbrnlion. — It  is  proposed  to  cele- 
brate the  tercentenary  of  the  publication  in  101 4  of  John  Napier's 
great  works  on  LogarithniB  by  a  CoDgreBB,  to  be  held  in  Edinburgh 
on  Friday,  July  24,  1914,  and  following  days.  The  celebration  is 
to  be  under  the  aaapices  of  the  Royal  Society  of  Edinburgh,  and 
tlie  President  acd  Council  now  extend  a  general  invitation  to 
matbematicianB  and  others  interested  in  this  coming  event.  The 
program  announced  sliows  that  the  celebration  will  contain 
many  features  of  great  interest.  It  is  planned  to  issue  a  Memorial 
Volume  containing  the  addresses  delivered,  etc.,  and  a  Bubscrip- 
tioa  of  £2  by  indtvidualB,  libraries,  elo.,  will  entitle  them  to  this. 
Subscriptiona  and  donations  should  be  sent  to  the  Honorary 
Treasurer,  Mr.  Adam  Tait,  Royal  Bank  of  Scotland,  Edinburgh. 
All  interested  in  the  proposed  celebration  are  invited  to  com- 
municate with  the  General  Secretary  of  the  Royal  Sot^iety  of 
Edinburgh,  22  George  Street,  Edinburgh,  and  to  announce  their 
intention  of  being  present. 

5.  Internalional  Electrical  Congress. — The  International  Elec- 
trical Congress  is  to  be  held  at  San  Francisco,  September  13  to 
18,  1915,  under  the  auBpices  of  the  American  Institute  of  Electri- 
cal Engineers.  Dr.  C.  P.  Steinmetz  has  accepted  the  Honorary 
Presidency  of  the  Congress.  The  deliber&tionN  of  the  Congress 
will  be  divided  among  twelve  sections,  which  will  deal  exclusively 
with  electricity  and  electrical  practice, 

Obitoabt. 

Dr.  Harrt  Rosenbusch,  emeritus  professor  of  geology  and 
mineralogy  at  the  University  of  Heidelberg,  Baden,  died  at  his 
home,  after  a  brief  illnesB,  on  January  2tith.  He  was,  with  Zir- 
kel,  one  of  the  early  founders  of  the  Bcience  of  modem  petrology, 
and  hie  monumental  work  "Die  Mikroskopische  Physiographie 
der  Mineralien  und  Gesteine,"  the  fourth  edition  of  which 
appeared  (1905-1907)  in  four  volumeB,  is  rpcognized  wherever 
geological  sciences  are  pursued  as  the  authoritative  treatise  and 
reference  book  in  the  field  of  microscopical  petrography. 

The  reputation  he  had  attained  in  his  subject,  together  with 
his  genial  personality,  and  success  as  an  instructor,  drew,  during 
the  active  working  period  of  his  life,  many  Btudents  to  his  labora- 
tory from  all  parts  of  the  world.  Among  them  were  many  Amer- 
icans who  will  be  grieved  to  learn  of  the  decease  of  their  former 
master.  He  was  able  to  communicate  his  own  enthusiaBm  for 
petrological  invemigation  to  his  nupile  and  through  his  published 
works  and  hia  teaching  he  probanly  exercised  a  greater  influence 
over  the  development  of  the  science  than  any  petrologist  of  hU 
time.  L.  V.  p. 

Sir  David  Gill,  formerly  H.  M.  Astronomer  at  the  Cape  of 
Good  Hope,  died  on  January  24,  in  his  seventy-first  year. 

Dr.  THfeoDOSE  TcHEKNYCHEFF,  the  eminent  RuBsian  geologist, 
director  of  the  Comit^i  G^ologlciue  de  KusBie  and  a  member  of 
many  scientific  societies,  died  on  January  lb  at  the  age  of  tifty- 
seven  years. 
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Akt.    XXn.~T/ie    liodadero  (Cuzco,    Peru),~A    Fault 
Plane  of  Unusxial  Aspect ;  by  Herbert  E,  (jchegory.* 

Introduction. 

Oteblookino  the  city  of  Cuzco,  perched  high  on  a  jutting 
eminence,  stands  t)ie  famous  Inca  fortrees  of  Sacsahuam&n, 
The  enormous  size  of  tlio  bloekfi  used  in  its  construction,  the 
incredible  labor  expended  in  quarrying  and  transporting,  and 
the  skill  exhibited  in  nicely  fitting  the  stones  into  walls  witli- 
ont  mortar,  give  tliis  structure  a  unique  place  among  the  works 
of  prehistoric  man.  Seven  hundred  feet  north  of  Sacsahuanian 
and  at  a  somewhat  higher  elevation  is  the  equally  famous 
Rodadero,  a  grooved  and  polished  rock  mound  in  which  have 
l>een  cut  the  "Seats  of  the  Incas"  (tig.  1). 

Topographically  the  liodadero  is  one  of  four  knobs  or  bosses  of 
intrusive  igneous  rock  rimmed  about  with  massive  blue  limestone 
which  forms  the  plateau  overlooking  Cuzco  from  the  north. 
Three  of  these  intrusive  masses  are  more  or  less  cloaked  with 
vegetation  and  the  products  of  weathering ;  the  Rodadero,  how- 
ever, is  bare,  singularly  fresh  and  firm,  and  gives  the  impression 
of  a  ledge  of  rock  stripped  and  polished  by  the  hand  of  man. 
The  insignificant  influence  of  weathering  revealed  by  the  exposed 
surface  of  the  Rodadero  is  worthy  of  comment,  in  view  of  the 
fact  that  at  nearby  localities  disintegration  of  rock  of  identical 
character  has  reached  an  advanced  stage.  Thus  in  the  banks  of 
the  Tullamayo  the  firmer  portions  of  the  basic  igneons  ledges 
ate  separated  into  blocks  with  rounded  edges,  and  other  por- 
tions consist  of  concentrically  weathered  bowlders  embedded 
in  a  disintegrated  groundtnass  (tig.  2),  and  still  other  parts  of 
the  original  mass  are  represented  by  a  yellow-white,  clay-like 
■Qeologist,  Peravion  Expedition  of  1913. 

An.  Jour.  Sol— Fourth  Sbribs,  Vol.  XXXVII,  No.  220.— April,  IftU. 
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Bubstance  cont&ining  weathered  crystals  of  feldspar  and  aii^te. 
Along  the  Huatanay  large  inasBea  of  the  rock  have  been  con- 
vert^ into  epidote.    It  would  appear,  therefore,  tliat  the  Roda- 


FiQ.  1.  "The  Seats  of  the  Incaa."  Sonth  slope^of  the  Bodadeio;  highly 
polished  seats  accnrately  cat  from  matinive  diorite.  Accolding  to  tradition 
these  seatB  were  cised  b;  the  royal  fatnily  dnriDg  the  constraotion  of  Sacsa- 
bnamiui. 

dero  has  been  recently  exposed  through  natural  agencies  aided 
perhaps  hj  artifical  stripping  during  the  process  of  filling  and 
terracing  which  has  greatly  inodifiea  the  original  topography. 
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Rock  forming  the  Rodadtro. 

Ab  seet3  in  the  ledge  the  rock  forming  the  Kodadero  is 
dftrk  grey  in  color,  with  a  greenish  tinge  when  viewed  in  certain 
lights.     The  weathered  portions  are  light   gray  or  even  yel- 


lowiBh  and  spotted  with  green.  Aggregates  of  yellow-green 
epidote  varying  in  size  from  a  pea  to  clnsters  eight  to  ten 
inches  in  diameter  are  irregularly  distribnted  through  the  maijs 
and  are  particnlarly  prominent  along  joints.  The  rock  as  a 
whole   appears  to  be  massive,   fine-grained,   and   of  granitic 

Dcillizedoy  Google 


292    H.  E.  Cfregory—The  Rodadero  (Cuzoo,  Peru),— 

texture ;  but  even  in  the  freshest  hand  specimenB  black  crystals 
of  aufpte  and  minnte  clustere  of  epidote  may  be  differentiated 
from  the  denser  groundmass,  thus  giving;  the  rock  a  porphy- 
ritic  appearance.  Petrographic  analysis  of  the  Bodadero  rock, 
described  by  Sqiiier*  aa  "amphibolic  rock"  and  again  as 
"  trachytic  rock,  by  Markharaf  as  "  limestone,"  and  by  Dueflas^ 
as  "altered  diabase,"  revealed  the  following  constituents: 
Well-preserved  crystals  of  aiigite,  fresh  or  kaolinized   plagio- 


clase  feldspars  near  andesine  in  composition,  chlorite  probably 
representing  biotite  and  hornblende,  apatite  and  iron  grains  in 
very  small  amounts ;  epidote  occnrs  abundantly  distributed  as 
grains  and  chisters.  The  rock  forming  tlie  Rodadero  may 
therefore  be  classed  as  an  augite  diorite  porphyry. 

Rock  of  this  type  taken  from  the  quarries  adjoining  the 
city  was  highly  prized  by  tiie  architects  of  the  Inca  dynasty,  in 
spite  of  the  labor  and  skill  involved  in  working  the  resistant 
material.  The  best  preserved  walls  of  ancient  Cuzco,  for 
example  those  bounding  Calle  del  Triunfo  (tig.  3),  in  which 
the  stones  are  fitted  and  polished  with  wonderfniskill,  are  bnilt 
of  this  material. 

*  P«m  :  Incidenta  of  trHvel  and  eiploTstion  in  the  Ittnd  of  the  Idcks,  1877, 
pp.  468  and  476. 

fCozdo :  A  Journey  to  the  Ancient  Capital  of  Pern,  1866,  p.  116. 
tCnerpo  de  Ing.  de  UiD.  del  Pern,  Bol.,  liii,  p,  179. 
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Tlie  ledges  formiDg  tlie  Rodadero  are  traversed  by  incipient 
joiDts  and  broken  by  numerous  faalts  of  srasll  displacement 
uloiig  which  slickensides  have  been  developed — features  com- 
mon to  both  igneous  and  sedimentary  rock  masses  within  the 
province  of  Cozco. 

Th&  fluted  surface. 

The  unusual  feature  of  the  Rodadero  and  the  one  which 
gives  it  its  name  (Spanish,  rodada,  a  rut),  is  the  remarkable 
series  of  poliehed  grooves  wbicli  ornament  the  entire  surface  of 
the  irregular  knob  (figs.  4  and  5).  An  area  exceeding  an  acre 
is  occupied  by  grooves  whose  width  varies  from  a  few  inches 
to  fonr  or  live  feet,  and  whose  depth  varies  between  a  fraction 
of  an  inch  and  four  feet.  Smaller  flntings  and  delicate  striae 
traverse  the  troughs  and  crests  of  the  larger  depressions  in  a 
longitudinal  direction.  Microscopic  abrasion  lines  have 
smoothed  and  polished  the  channels  and  ridges  to  such  a 
degree  that  one  may  slide  down  the  inclines  without  damage  to 
clothing — an  amusement  indulged  in  by  natives  and  tourists 
alike;,  and,  if  tradition  is  to  be  accepted,  by  the  Inea  rulers 
themselves.  The  larger  and  smaller  grooves  are  continuous 
and  parallel  for  100  to  300  feet,  and  at  one  locality  thirty-two 
parallel  channels  with  a  combined  width  of  fifty  feet  were 
traced  for  a  distance  of  180  feet.  About  90  per  cent  of  the 
grooves  and  ridges  extend  S.  30°  "W.,  but  other  trends  are  repre- 
sented as  indicated  below. 

The  large  area  exposed,  the  freshness  and  perfection  of  carv- 
ing, the  continuity  and  parallelism  of  the  strise  which  give 
this  exposure  a  unique  character,  have  naturally  attracted  the 
attention  of  students  of  nature.  Squier*  described  the 
Rodadero  ("LaPiedra  Lisa'")  as  a  rock  "squeezed  up  in 
plai^tic  state  between  irregular  and  unyielding  walls,  and  then 
hardened  into  shape  with  a  smooth  and  glassy  surface."  The 
statement  of  Rivero  and  Von  Tscbudif  illustrates  the  exti-erae 
philologic  method  of  scientific  research,  and  the  liability  of 
being  led  aatray  by  a  name:  "A  short  distance  from  the 
fortress  is  a  large  piece  of  amphibolic  rock  known  by  the  name 
of '  the  smooth  rolling  stone  '  which  served  and  still  serves  for 
diversion  to  the  inhabitants  by  rolling  like  a  garden  roller  hav- 
ing a  sort  of  hollow  formed  in  the  middle  through  friction." 

DneSas,  whose  "  Aspecto  Minero  del  Department  del  Cuzco"  J 
is  worthy  of  high  commendation,"  describes  the  Rodadero 
as  a  glaciated  surface,  a  view  also  held  by  Fosnansky.g     Sivi- 

•Pern,  1877,  p.  478. 

t  Pernviau  Antiqaitiea.  1853,  p.  249.     M.  E.  Rivero  and  J.  J.  von  Tscbadi. 
TrsDBlated  ioto  Eagliali  b;  F.  L.  Ht^wks. 
t  Cnerpo  de  Idr.  de  Min.  del  Peru,  Bol.,  liii.  pp.  25-26,  1907. 
g  Bol.  OBcina  Nhc.  Estadiat,  No.  64-66,  La  Paz,  1911. 
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richi*  coQsidei's  the  Rodadero  an  igneous  intrnsion  molded  by 
glaciers  before  the  molten  rock  had  cooled.  The  popular  ex- 
planation of  the  smoothed,  hummocky  snrface  of  the  Kodadero 
IS  in  line  with  the  views  expressed  above,  and  it  mnat  be  admit- 
ted that  we  are  dealing  wiCn  a  remarkably  exact  imitation  of  a 
"niches  montonnes"  surface.  The  resemblance  between  the 
Rodadero  and  glacially  eroded  surfaces,  made  familiar  by  iield 
experience,  is  in  fact  so  close  that  my  fii-st  impreBaion  was  in 
accord  .with  the  views  of  Dueflaa  and  Posnansky  in  spite  of  the 
warning  of  my  observant  colleague,  Professor  Bowraan.t  The 
theory  that  an  ice  sheet  played  a  part  in  molding  the  Rodadero 


was,   however,  abandoned  in  view  of  the  following  observa- 
tions : 

(1)  There  is  no  evidence  of  glacial  erosion  in  the  Cuzco 
region  at  so  low  an  elevation.  The  Rodadero  stands  at  11,700 
feet,  while  the  lowest  moraines  on  the  Seneca,  three  miles  dis- 
tant, are  intersected  by  the  12,500-foot  contour.  (2)  The  stria- 
tions  on  the  Rodadero  are  duplicated  on  another  igneous  knob 
one-half  mile  to  the  eastward,  but  the  projecting  ledges  of 
resistant  limestone  immediately  surrounding  the  igneous  masses 
show  no  signs  of  glacial  action  either  on  the  surface  or  in 
recent  excavations.     (Fig.  6.)     The  freshness  and  perfection  of 

'TaaiB  Uuiversidad  del  Cuico,  p.  18 ;  TopcgraSa  Infantil  Cnzco,  1911. 
fThli  Jonnutl,  xzxiii,  p.  »17,  1013. 
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detail  Biif^eet  late  Pleistocene  slaciation,  and  it  is  difficult  to 
conceive  that  liineetoiie  and  sanaBtone  ledges  could  have  failed 
to  record  the  effects  of  long-continued  action  of  an  ice  mass  of 
the  proportions  required  for  the  work  at  the  Rodadero.  (3)  No 
graving  tools  in  the  shape  of  polished  or  striated  bowlders  and 


no  erratics  were  found  on  tiie  surface  nor  in  the  gravels  adjoin- 
ing. (4)  While  the  general  trend  of  the  grooves  is  S.  30°  W., 
other  directions  were  noted,  and  at  one  locality  deep  grooves 
running  S.  30°  W,  are  succeeded,  after  a  break  of  a  few  feet,  liy 
equally  well-marked  striations  running  S.  60°  E,  (tig.  7).  (5) 
Tlie  lee  side  and  stoss  sides  of  the  entire  mass  and  of  individual 
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kDobs  are  alike  affected.  There  is  no  plucking.  (6)  In  places 
a  paste  of  broken  igneouB  fragments  overlies  the  smoothed  and 
flated  snrface.  The  removal  of  the  brecciated  material  reveals 
the  familiar  grooves  beneath.    (7)  Two  slabs  pried  from  the 


ledges  were  found  to  be  striated  on  both  tlieir  lower  and  upper 
surfaces.  (8)  Microscopic  examination  of  the  rock  shows  that 
the  Burface  zone  has  been  modified  in  texture — the  sort  of 
metamorphism  resulting  from  pressure  of  rock  on  rock,  not  of 
ice  on  rock. 
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"Hie  Rodadero  a  fault  plane. 

Field  relations  and  rock  texture  indicate  that  the  diorite 
mass  whose  striated  surface  forme  tlio  Kodadero  is  intrnsive 
into  sedinienta  of  Mesozoic  ajre.  However,  the  smoothed,  on- 
weathered  exposures  immediately  adjoining  the  limestone  oat- 
crops  exhibit  no  moditication  of  textnre  incident  to  cooling 
and  no  intertingering  of  igneous  and  sedimentary  rock.  In  fact 
the  theory  advanced  b}-  certain  observers  that  the  Rodadero 
represents  an  ancient  cooling  surface  is  quite  out  of  harmony 
with  the  Held  evidence  as  well  as  with  the  theories  of  the 
mechanics  of  igneous  intrusion.  The  presence  of  limestone  in 
immediate  contact  with  diorite — a  relation  which  furnishes 
opportunity  for  solution  along  the  contact — has  doubtless 
facilitated  the  stripping  of  the  igneous  boss. 

The  Rodadero  is  believed  to  be  a  portion  of  a  thrust  fault 
plane  marked  by  an  unusual  expression  of  slickensides.  Unlike 
normal  slickensides  llie  striated  grooves  of  the  Kodadero  occur 
indiscriminately  on  tiat,  convex,  concave  and  undulating  sui-- 
faces;  and  although  generally  straight  and  parallel  they  may 
also  be  seen  curving  gently  around  minor  knobs.  The  criteria 
usually  employed  to  distinguish  stiekensidee  from  strite  of 
glacial  origin  are  not  applicable,*  The  groups  of  strife  of 
various  orientation  merge  imperceptibly  into  one  another  and 
are  apparently  con  tern  pomneous,  thns  indicating  the  presence 
of  stresses  opposed  to  the  dominant  direction  of  movement. 
Readjustment  of  pressures  following  the  major  faulting  has 
resulted  in  the  production  of  minor,  normal  faults  which  inter- 
rupt the  continuity  of  the  grooves.  These  faults,  trending 
roughly  90°  and  45°  to  the  prevailine  direction  of  strise,  are 
themselves  marked  by  slickensides  and  fault  breccia  aud  exhibit 
prominent  "  drags  "  (fig,  8), 

•Geikie:  Strnctural  and  Field  Geology,  p.  309. 
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Abt.  XXIII. — The  Occurrence  and  Genesis  of  a  Persistent 
Parting  in  a  Coal  Bed  of  the  Lanee  Formation;*  by  G. 
Shssbubne  Roobbs. 

Ddbiifo  the  examinntioD  o£  tlie  Tallock  Creek  coal  field, 
Montana,  in  1912-13,  the  writer  discovered  a  coal  bed  contain- 
ing everywhere  a  curious  parting  which,  because  of  its  nnconi- 
inon  physical  characters,  Beems  to  merit  a  brief  notice.  The 
material  resemblcB  a  slightly  carbonaceous  sandstone  and  was 
BO  considered  in  the  field ;  but,  owing  to  its  perBistence 
throaghont  the  area  examined,  it  was  later  studied  micro- 
scopically and  was  found  to  be  an  almost  puin;  aggregate  of  deli- 
cate crystals  undoubtedly  formed  in  situ.  The  occurrence  of 
such  a  deposit  in  the  midgt  of  a  mass  of  heterogeneous  and 
lai^ely  continental  sediments  is  surprising.  The  writer  has 
seen  similar  partings  in  other  coal  beds  in  this  region,  and 
several  other  geologists  of  the  U.  S.  (Geological  Snrvey  have 
mentioned  like  instances  both  in  tlie  Cretaceous  and  I'ertiai-y 
coal  fields  of  the  west  and  in  the  Carboniferous  fields  of  the 
east ;  it  is  believed,  therefore,  that  this  phenomenon  may  be 
not  uncommon  and  may  have  some  general  bearing  on  the 
accumulation  and  alteration  of  sedimentary  i-ocks.  The  writer 
is  indebted  to  Dr.  F.  W.  Clarke  and  Mr.  E.  S.  Larsen,  of  the 
U.  S.  Geological  Survey,  for  advice  and  helpful  criticism. 

Occurrence. — The  Tullock  Creek  coal  field  is  located  on  the 
east  side  of  Bighorn  Kiver,  Montana,  in  the  angle  formed  by 
its  junction  with  the  Yellowstone.  The  coal  bed  here 
described  outcrops  also  in  the  Pine  Tlidge  field  on  the  west 
side  of  the  Bighorn,  and  a  brief  examination  of  that  area  was 
also  made  by  the  writer.  The  data  here  presented  were 
gathered  in  both  fields,  which  together  form  an  area  36  miles 
in  an  east-west  direction  and  24  miles  in  a  north-south. 

The  coal  bed  in  which  the  parting  occurs  belongs  to  the 
Lance  formation,  which  is  Cretaceous  or  Tertiary  in  age. 
The  Lanee  in  this  district  comprises  about  1,200  feet  of 
sandstone  and  shale,  the  lower  900  feet  of  which  contains  no 
coal  and  is  probably  in  part  of  brackish  water  origin.  The 
upper  300  feet  is  coal-bearing,  is  somewhat  different  in  color 
from  the  lower  portion,  and  is  probably  of  continental  origin. 
The  strata  in  most  of  the  area  lie  almost  fiat  and  have  suffered 
practically  no  metamorphism.  The  Lance  formation  is  of 
widespread  extent,  occurring  as  far  east  as  central  North  and 
South  Dakota,  and  as  far  south  as  central  Wyoming;  and  it 
is  everywhere  characterized  by  the  lenticular  and  irregular 
habit  of  the  strata,  and  especially  the  coal  beds. 

•PnbliBhod  by  permission  of  the  Director,  U.  S.  Geological  Snrvey. 
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In  tbis  district  the  coal  bed  coutainiag  the  parting  marks 
the  base  of  the  coal-bearinjif  member  of  the  Lance.  The  bed 
is  not  regular  in  thickness  and  possibly  not  even  continnous 
throuphout  the  area  examined,  but  is  made  up  of  a  Dumber  of 
lenses*  which  ranfj^e  in  extent  up  to  40  square  miles  or  more. 
It  is  probable  that  the  vegetal  matter  was  laid  down  in  a  series 
of  semi-independent  swamps  during  approximately  the  same 

f>eriod  of  time,  a  condition  which  has  given  rise  to  a  series  of 
enses  which  are  at  exactly  or  very  nearly  the  same  horizon. 
It  is  not  known  whether  these  lenses  are  isolated  or  whether 
they  are  connected  by  a  thin  layer  of  carbonaceons  material 
and  therefore  constitute  one  bed ;  bat  it  is  certain  that  they  are 
all  at  the  same  etratigraphio  horizon,  and  in  this  discnssioo 
will  therefore  be  treated  as  a  unit. 

The  strata  above  and  below  the  bed  also  vary  gi-eatly  in 
character  and  thickness.  The  immediate  roof  and  floor  are 
commonly  carbonaceous  shale,  although  bluish  or  greenish 
shale  or  sandstone  have  been  observed.  About  10  feet  above 
the  bed  is  a  sandstone  which  is  as  much  as  30  feet  thick  in 
some  locahties  and  entirely  absent  in  others.  In  some  localities 
there  is  a  prominent  sandstone  underlain  by  greenish  ahale 
from  10  to  40  feet  below  the  l)ed ;  in  other  places  the  bed  is 
directly  underlain  by  the  greenish  shale  and  the  sandstone  is 
absent.  As  stated  al>ove,  the  irregularity  of  the  formation  is 
one  of  its  most  striking  cliaracteristics. 

Notwithstanding  the  lenticnlarity  of  the  coal  bed,  it  con- 
tains a  parting  of  almost  constant  thickness  at  every  point  at 
which  it  was  examined.  The  detailed  examination  was 
restricted  chiefly  to  the  areas  in  which  the  bed  is  over  18 
inches  in  thickness,  but  in  some  other  localities  the  horizon 
was  used  as  a  datum  plane  and  much  information  concerning 
it  was  thus  collected.  The  parting  almost  invariably  occurs  in 
the  upper  thii-d  of  the  bed  and  varies  only  slightly  in  thickness. 
It  averages  J  of  an  inch  and  is  commonly  between  J  and  IJ 
inches  in  thickness.  It  is  generally  bordered  by  good  clean 
coal,  although  in  places  it  is  associated  with  impure  coal  or 
bone.  It  persists  even  where  the  bed  is  very  thin  and  gener- 
ally maintains  its  characteristic  thickness  and  position  in  the 
bed.  In  one  locality  the  bed  is  repi'esented  by  only  2  inches 
of  bone  but  the  parting  is  present  and  is  about  half  an  inch 
thick.  Its  persistence  and  regularity  are  thus  in  striking  con- 
trast to  the  character  of  the  rest  of  the  bed  and  to  the  forma- 
tion, a  fact  which  induced  the  writer  to  examine  it  more 
particularly  in  the  oHice. 

IMkology  and  composition. — The  material  of  which  this 
parting  is  composed  is  granular  and  closely  resembles  a  browa 

*  In  this  eiamiuatioQ,  ooal  beds  lesB  than  18  inches  in  thickneaB  were  not 
mapped ;  the  leneea  referred  to  are  therefore  conaidered  aa  delimited  by  the 
line  along  nhicta  the  coal  is  18  incbes  thick. 
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carbonaceous  Bandstooe.  In  the  mass  there  is  little  lamination, 
which  distioguishee  it  at  once  from  ordinary  carbonaceous 
shale.  It  is  j^nerally  mixed  with  a  certain  amonat  of  car-, 
bonaceous  material,  and  contains  plaiit  impressions.  Not 
nncommoDly  the  roots  and  plant  stems  are  in  place  and  are 
perpendicular  to  the  parting,  having  apparently  grown  directly 


Fro.  1. — Photomicrograph  of  parting  (mHgniflofitioti  48  diometen).  The 
black  grains  are  coal ;  the  whita  are  quartz ;  the  remainder  are  Tarioualj 
orieoted  ciyatala  of  tlie  miDersl  in  qnestion. 

through  it.  When  fresh  and  unweatbered  the  material  is 
coherent  and  fairly  tough,  but  on  the  weatliered  outcrop  it  is 
very  friable. 

The  resemblance  of  this  material  to  sandstone,  however,  is 
only  superficial.  The  hand  lens  i-eTealE  numerous  pearly 
cleavage  faces,  and  an  ahnoet  complete  absence  of  grit  is 
indicated  when  the  material  is  ground  between  the  teeth. 
The  grains  are  soft  and  may  be  BCratclied  with  the  tinger  nail, 
the  hardness  being  1'5. 

Several  thin  sections  of  this  material,  collected  from  widely 
separated  points,  were  prepared  and  examined  with  the  miero- 
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scope,  and  several  otiier  Bpecimens  were  examined  as  cniBhed 
fragments.  AH  of  the  elides  show  the  parting  to  be  remark- 
ably uniform  in  coinpoBition.  It  ib  made  ap  to  the  extent  of 
about  90  per  cent  of  a  curionB  vermicnlar-iike  mineral  occnr- 
ring  in  apparently  well-formed  crystals,  the  remainder  being 
chiefiy  carbonaceous  matter  and  quartz  in  small  angular  frag- 
ments. The  mineral  occurs  generally  in  stout,  curved  crystals 
with  perfect  basal  cleavage,  as  is  shown  in  ^gtire  1.  It  is 
rather  strongly  pleochroic,  colorless  to  brown.  The  extinction 
is  wavy  and  is  parallel  to  the  cleavage.  N,  is  1*56  and  Np 
is  a  little  over  1*55;  the  double  refraction  is  '012  or  a  little 
less.  The  mineral  id  negative  in  optical  character  and  is 
biaxial,  bnt  the  angle,  though  generally  small,  varies. 

These  characters  all  correspond  cloeely  with  those  of  the 
mineral  leverrierite,*  whicli  was  tirst  described  by  P.  Termier 
in  1890.  Termier  states  that  the  mineral  is  commonly  asso- 
ciated or  even  intergrown  with  black  mica,  and  that  it  is 
embedded  in  a  clay  gronndmass.  In  some  places  it  occurs 
associated  with  eruptive  rocks,  in  others  with  black  carbona- 
ceous shale.  He  believes  it  to  be  of  metamorphie  origin  and 
ascribes  it  to  the  action  on  the  shale  of  heated  waters  bearing 
silica,  lime,  and  magnesia. 

A  sample  of  the  parting  was  analyzed  by  R.  C.  Wells,  of  the 
U.  S.  geological  Survey.  The  analysis  is  given  below,  and 
with  ir,  for  purposes  of  comparison,  are  shown  the  analyses  of 
two  samples  of  leverrierite. 

1  3  8 

SiO  .. , 46-47  46-40  49-90 

¥A\ ='-™     ^»"     "' 

MgO -44  '30 

CaO -13  1-20                  tr. 

K,0 undet.  1*13 

P.O^ -50 

Ignition 15-67  15-00               8-65 


1.  Parting.     Analyst,  R.  C.  Wells.     1913. 

2.  I^vemerite,     Specimen  probably  impure-t 

3.  Leverrierite.     Pure  material  from  Rochebelle,  Franoe.J 

It  will  be  noted  that  the  analysis  of  the  parting  agrees  very 
closely  with  that  of  the  tirst  sample  of  leverrierite  but  that  it 
differs  perceptibly  from  the  second  which  is  said  to  represent 
material  of  greater  purity. 

•  Termier,  P.,  Ann.  il.  Min..  ivii,  p.  3T3, 1890. 

top.  lit. 

tBnll.  Sac.  Min.,  »i,  p.  27,  1890. 
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LeTerrierite,  as  described  by  Termier,  has  the  composition  of 
mnscoTite  with  hydrogen  partlj  or  wholly  replacing  potaaeiam 
and  a  little  iron  equivalent  to  alumiuium;  or,  as  stated  to  the 
writer  by  F.  W.  Clarke,  it  is  the  vermiculite  or  end  member  of 
the  mica  series.  Its  formula  then  is  HAISiO,.  However,  the 
above  analysis  of  tlie  parting  as  recast  gives  H,Al,Si,0„  which 
is  the  composition  of  kaolin,  a  fact  which  seems  strange  in 
view  of  the  atriking  resemblance  in  physical  properties  which 
thifl  material  bears  to  leverrierite.  It  is  possible  that  the  loss 
on  ignition  inclnded  a  laree  amount  of  carbon  occurring  in  the 
sample  as  mechanically  mixed  coal,  which  if  allowed  for  would 
reduce  the  water  and  cause  the  analysis  to  approximate  the 
formula  HAISiO,;  but  unless  this  be  aseumed  the  mineral 
must  be  considered  a  variety  of  kaolin  which  for  some  reason 
has  assumed  most  of  the  physical  properties  of  leverrierite. 
Furthermore,  inasmuch  as  leverrierite  lias  only  one  molecule 
of  H,0  as  against  two  in  kaolin,  a  difference  which  is  presum- 
ably due  to  the  conditions  of  moderate  metamorphisni  which 
produce  it,  it  would  hardly  be  expected  to  occur  in  the  practi- 
cally no  metamorphosed  strata  of  the  Lance. 

Gerugit. — It  has  been  sliown  tliat  the  parting  is  persistent 
and  is  of  nearly  constant  thickness  throughout  an  area  of  over 
800  square  miles ;  and  that  it  is  chietly  an  aggregate  of  crystals 
which  resemble  leverrierite  in  physical  properties  but  have  the 
composition  of  kaolin.  It  must  have  formed  in  situ,  and  that 
it  did  not  greatly  disturb  plant  growth  is  shown  by  the  pres- 
ence in  it  of  numerous  vertical  plant  stems.  Three  theories  of 
the  origin  of  this  material  at  once  suggest  themselves.  It  may 
represent  an  altered  tuff;  it  may  be  an  alteration  product  of  a 
pure  clay ;  or  it  may  be  a  chemical  precipitate. 

The  widespread  occurrence  of  this  parting  at  the  same  hori- 
zon suggests  its  derivation  from  wind-blown  volcanic  ash.  Ash 
is  not  uncommon  in  these  rocks,  and  if  this  material  is  of  clastic 
origin  it  is  difficnlt  to  imagine  another  manner  in  which  this 
thin  deposit,  uf  eonstaot  thickness  over  a  large  area,  could  have 
formed.  This  waa  the  field  theory  advanced  to  account  for  it; 
but  microscopic  examination  at  once  revealed  the  fact  that,  if 
so,  a  thorongli  alteration  and  recryBtallization  must  have  taken 
place.  It  is  possible  that  pure  orthoclase  might  alter  to  sen- 
cite  and  theu  to  kaolin  under  the  influence  of  swamp  waters  ; 
but  there  is  no  known  tuff  approximating  so  closety  the  com- 
position of  orthoclase  ae  to  yield  this  product  directly.  If  this 
hypothesis  he  accepted,  tlie  removal  of  considerable  exceea 
nlica,  as  well  as  thorough  leaching  of  the  potassium  silicate 
formed  in  the  alteration  to  sericite,  must  be  postulated. 

The  next  hypothesis,  the  derivation  of  this  material  from  a 
clay  deposit,  meets  at  once  with  strong  physical  objections. 
In  the  Appalachian  and  interior  coal  fields,  numerous  examples 
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of  the  persistency  of  partinf^a  of  constant  thickness  are  known, 
but  the  coal  in  those  fields  is  generaDj  believed  to  have  formed 
in  Bwamps  which  were  only  a  fow  feet  above  eea  level,  so  that 
a  veiy  elif^ht  oscillation  might  Btibmerge  large  areas.  The 
swamp  in  which  this  parting  was  laid  down  was  probably  some 
distance  above  sea  level,  however,  and  it  is  difficult  to  imagine 
bow  a  slight  change  in  level,  or  a  flood,  in  aucb  a  swamp  could 

Srodnce  a  deposit  of  constant  thickness  tbroughont  the  whole 
istrict.  AlthoQgli  the  parting  varies  slightly  in  thickness,  it 
seems  to  vary  irregularly  ;  it  does  not  appear  to  be  thicker  in 
any  one  general  locality  than  in  another,  as  would  be  expected 
if  deposited  by  a  freehet.  If  this  objection  he  disregarded 
there  are  no  chemical  difficulties  involved  other  than  that  which 
any  hypothesis  mnst  meet,  namely,  the  peculiar  recrystalliza- 
tion  of  the  material. 

The  last  hypothesis  is  satisfactory  from  a  physical  standpoint, 
hot  involves  obscure  chemical  reactions  whose  validity  may 
well  be  questioned.  Silica  and  aluminium  hydroxide,  the  prin- 
cipal constituents  of  the  parting,  are  both  known  to  exist  in 
solution  in  the  colloidal  state.  Whether  the  two  can  exist 
together  in  the  colloidal  state  without  being  precipitated  is  an 
open  question ;  assuming  that  they  can,  it  is  conceivable  that 
an  influx  of  water  carrvtng  colloidal  silica  and  alumina  entered 
the  swamp,  and  that  the  colloids  were  slowly  precipitated  by 
the  organic  acids  in  the  swamp  water.  If  they  cannot,  it  is 
necessary  to  suppose  that  waters  carrying  alumina  encountered 
those  baring  silica  in  the  swamp,  and  that  the  product  was 
thereupon  precipitated,  a  supposition  that  is  rather  improbable. 
This  hypothesis  best  explams  the  complete  crystallization  of 
the  mineral,  in  assuming  that  it  is  a  primary  crystallization  of 
gelatinous  material  rather  than  a  lecrystallization  of  tuff  or 
clay. 

Kone  of  the  above  hypotheses  is  thus  wholly  satisfactory. 
There  are  grave  chemical  objections  to  the  first,  and  the  phytii- 
eal  difficulties  in  the  deposition  of  a  thin  layer  of  constant 
thickness  over  a  large  area  militate  strongly  against  the  second. 
In  the  present  state  of  our  knowledge,  the  third  hypothesis 
appears  the  most  tenable,  although  the  evidence  is  not  at  all 
conclusive.  Despite  the  ancertaioty  which  attaches  to  the 
origin  of  this  parting,  its  occurrence  is  of  scientific  interest; 
and  if  it  is,  as  the  writer  is  inclined  to  believe,  a  not  uncom- 
mon development,  its  importance  in  connection  with  the 
deposition  and  chemical  alteration  of  certain  sediments  is  mani- 
fest. It  is  hoped  that  in  the  future  a  wider  application  of 
petrologic  and  chemical  methods  will  he  accorded  to  sediment- 
ary rocks  and  that  the  signiScance  of  this  and  other  obscure 
deposits  will  be  more  fully  understood. 
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Abt.   XXIV. — About  Climatical    Variations;    by   HzHBTit 
Ahctowski.  ' 

Some  striking  correlations  have  been  found  between  tb* 
temporarT  climatic  anomalies  of  far  distant  regions  of  tb* 
^lobe.  To  recall  attention  to  the  discoveries  made,  it  will  be 
safficieDt  to  mention  the  names  of  Blanford,  Woeikow,  Hilda 
brandeson,  Pettersson,  Meinnrdns,  Kremser,  Lockyer,  Bigelow, 
Merecki,  Mossraan,  and  others.  N^ow  let  us  suppose  an  anotn* 
aly  at  two  correlated  centers  of  action  of  our  atmospliere,  e.  g. 
at  the  Icelandic  low  pressure  center  and  the  high  pressure  area 
of  tbe  Azores,  Evidently,  if  the  barometric  gradient  betweea 
these  two  centers  of  action  is  increased  during  a  certain  lapse 
of  time,  the  atmospheric  circulation— and,  therefore,  the  distcL- 
bntion  and  quantity  of  rainfall — will  vary  in  Western  Europe 
as  well  as  in  the  Northeastern  States  and  Canada.  But  what 
are  these  variations  for  a  given  variation  at  the  centers  of 
action  t 

As  simple  as  this  question  seems  to  be,  no  serious  attempt 
toward  its  solution  has  ever  been  made.  And  the  same  may 
be  said  about  the  other  centers  of  action  of  atmospheric  oirca- 
lation.  It  is  true  that  some  researches  of  Teisserenc  de  Bor^ 
Hann,  Poincar^,  Garrigou-Lagrange,  and  Exner  may  be  men- 
tioned, but  the  systematic  work  on  the  inter-action  of  the  varu^- 
tions  at  tbe  centers  of  action  remains  to  be  made. 

Let  us  consider  for  a  moment  another  question :  does  tbe 
temperature  of  our  atmosphere  remain  constant  from  year 
to  year,  or  from  a  period  of  a  given  number  of  years  to  the 
following  period  i 

We  have  to  admit,  of  course,  that  all  the  climates,  all  over  tbe 
world,  have  been  very  much  warmer  during  certain  geologieai 
periods.  We  know  also  perfectly  well  that  during  the  Pleis- 
tocene ice  age  tbe  temperature  at  the  earth's  surface  ws» 
Tery  much  lower  than  at  present,  and  that  similar  important 
climatic  variations  have  produced  ice  ages  during  different  geoi- 
logical  periods.  But  how  about  tbe  climates  of  historic  timei^ 
or  the  climates  of,  let  us  say,  the  last  century  or  the  last  decade 
of  years  i  i 

Certain  periodicities  of  climatic  variations  have  been  advo- 
cated, discussed,  contradicted,  and  may  finally  be  admitted  or  ■ 
rejected  according  to  personal  opinion.     This  is  particular]^ 
the  case  of  the  19-year  period  of  Kussell  and  the  35-year  period 
of  Briickner. 

A  simpler  periodicity  is  the  sunspot  cycle  correlation.    Long 

a^o,  Koppen  demonstrated  the  complexity  of  tbe  pbenomenonv 

smce  he  found  that  the  variation  is  direct  under  certain  latF- 

An.  Jock.  Sol.— Fourth  Siriib,  Vol.  XXXVII,  No.  220.— Apkil,  1914. 
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tadee  and  inverse  under  other  latitudes.  Newcomb  dificiuaed 
tlie  problem  anew  and  practicallj  rejected  the  hypothe«iB  that 
the  Botar  cTcle  is  an  important  factor,  while  nearly  at  the  same 
time,Nordman  demonstrated  in  a  very  elegant  manner  the  infla- 
«nce  of  the  eunspot  variation  upon  the  temperatares  of  the 
equatorial  repionB. 

To  ebow  more  plainly  the  difficnltiee  of  the  problem,  I  have 
to  refer  to  my  own  reBoarohes  published  in  1909. 

Considering,  for  given  localities,  the  aeries  of  annual  meani 
of  temperature,  we  notice  everywhere  more  or  less  important 
flnctnations.  The  curves  expressing  graphically  the  Bucceseion 
of  fiimres  show  perfectly  well-pronounced  variations  at  certain 
localities  differing  completely  from  other  variations  of  other 
iocalities.  Some  curves  go  down  when  other  curves  go  up,  and 
the  length  of  time  separatioi;  the  maxima  varies  from  one  curve 
to  the  other.  This  shows  that  it  is  not  possible  to  disctua  the 
problem  of  climatic  variations  with  the  data  of  only  a  number  of 
selected  stations.  All  available  data  liave  to  be  taken  into  con- 
sideration and  the  problem  has  to  be  studied  geographically. 

The  problem  of  the  variations  of  terrestrial  temperature  is 
indeed  absolately  similar  to  the  problem  of  the  mean  elevation 
oE  the  snrface  of  the  earth  crust.  The  preciaion  gained  in  the 
appreciation  of  the  mean  elevation  of  a  continent  depends  on 
toe  precision  of  the  utilized  hypeometrical  maps.  The  pre- 
cision of  an  estimate  of  the  mean  depth  of  an  ocean  depends 
on  the  accuracy  of  the  bathy  metrical  map  ;  tiiat  is  to  say,  on 
the  number  of  recorded  soundings. 

Now,  Bince  in  the  case  of  temperatare  we  also  have  to  deal 
with  depressions  below  the  average  and  elevations  above,  the 
knowledge  of  the  extent  of  these  areas,  covered  by  positive 
or  negative  departures,  is  evidently  more  necessary  for  the  dis- 
eussion  tlian  tiie  figures  for  some  isolated  stations,  where  the 
temperature  conditions  may  or  may  not  correspond  to  the 
average  conditions  of  the  surrounding  conntries. 

The  work  I  have  done  was  the  mapping  of  all  the  temper- 
ature data  I  could  obtain  for  the  years  1891-1900.  Then, 
considering  the  means  of  the  decade  1891-1900  as  being  quaei- 
normal  values.  I  have  formed  for  each  year  and  each  station 
the  departures  from  these  means.  These  annual  departures 
having  been  inscribed  on  maps,  equideparture  lines  have  been 
drawn.  The  areas  of  positive  departures  (above  tlie  mean) 
have  been  called  tliermopleione,  the  areas  of  negative  depar- 
tores  thermomeions  or  antipleions. 

The  result  of  the  discussion  shows  that  1900  was  a  year  of 
predominant  tliermopleions ;  the  year  1893,  on  the  contrary, 
a  year  of  must  predominant  antipleions.  Taking  the  probable 
areas  into  consideration,  as  well  as  the  probable  excess  and 
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deficiency  of  temperature,  I  found  that  the  difference  in  tern- 
perstnre  between  these  two  years  must  have  been  at  least 
0'-5  C. 

Coming  back  to  the  question  of  snnspots,  I  will  simply 
remark  tnat  1893  was  a  year  of  maximum  and  1900  a  year 
preceding  cloeely  a  most  accentuated  minimum.  But  this  ques- 
tion ia  of  less  interest  than  the  simple  verification  of  the  fact 
tbat  the  temperature  of  the  terrestrial  atmosphere  is  not  con- 
stant. The  simplest  explanation  of  this  fact  is  tbat  the  amount 
of  heat  radiated  by  the  sun  and  received  by  the  earth  varies 
slightly.     I  will  insist  upon  this  question  later. 

I.   The  pUionian  variation*. 

To  simplify  the  reasoning  1  will  define  more  plainly  the  ple- 
ionian  variations. 

To  avoid  the  more  or  less  regular  annual  variation,  we  have 
to  take  yearly  meaua.  But  it  is  indifferent  how  we  count  the 
year,  as  long  as  we  compare  between  them  means  of  twelve 
consecutive  months.  By  making  consecutive  yearly  means  for 
the  one-year  periods  beginning  with  January,  with  February, 
March,  and  so  on,  and  by  comparing  the  curves  expressing  the 
8nc<%s&ioD  of  the  figures,  we  can  see  how  a  negative  departure 
of  a  given  year  passes  progressively  to  a  positive  departure  of 
another  year. 

I  made  such  consecutive  temperature  curves  for  the  entire 
series  of  observations  recorded  in  Batavia,  New  York,  and  some 
other  places.  For  the  years  1900  to  1909  I  compared  a  great 
number  of  such  curves.  Two  facts  of  some  importance  are 
clearly  demonstrated. 

1°.  That,  although  thereare  some  most  interesting  agreements 
with  the  curve  expressing  the  sunspot  cycle,  this  cycle  cannot 
be  considered  as  being  the  main  factor  producing  the  pleiooiau 
variations,  simply  because  the  pleionian  crests  and  depressions 
of  the  temperature  curves  repeat  themselves  3  to  4  times  more 
often  than  the  maxima  and  minima  of  the  solar  curve. 

And,  2°.  The  temperature  curves  of  far  distant  stations,  be- 
longing to  absolutely  different  climates,  present  in  certain 
cases  such  striking  coincideuces,  tbat  it  is  impossible  to  ascribe 
them  to  simple  chance  circumstances. 

I  may  aad  that  the  consecutive  curves  of  rainfall,  of  sun- 
shine records  and  of  atmospheric  pressure,  also  display  pleion- 
ian variations  and  demonstrate  the  fact  that  we  have  to  deal 
with  more  or  less  periodical  alterations  of  the  atmospheric  cir- 
culation. 

In  order  to  make  comparisons,  a  standard  curve  was  necessary. 
The  records  of  the  exceptionally  undisturbed  climate  of  Are- 
quipa,  in  Peru,  gave  this  necessary  standard. 
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The  consecutive  temperature  curve  of  Arequipa,  for  the  years 
1900-1910, 8hows4characteriBtic  create  and  4depreBaion6(^g.  1}- 
The  curve  of  Biilawajo,  in  Rliodesia,  is  abBolutely  eimilar  to  the 
Arequipa  curve.  The  same  may  be  said  about  the  cnrye  obtained 
from  the  Mauritius  Observatory  figures.  The  same  Tananarive 
on  Madagascar.  Batavia,  in  Java,  displays  also  an  indisputable 
resemblance  to  the  Arequipa  curve.  North  of  the  equator,  Hav- 
ana gives  a  similar  curve,  whereas  the  data  of  San  Juan,  Porto 


Fio.  1.  Cnrre  of  the  consecntive  annnal  temperatarm  obaerred  at  Ara- 
qoipa.  A,  B,  C,  D ;  pleionian  cresU.  The  meionian  depTeealon  b.  may  have 
been  accentnated  by  the  effect  of  Yoloauio  dost  prodacadb;  the  Mt.  Peleerap- 
tioQB  or  by  other  oanBea.  The  cnrres  oonneotinp;  the  create  and  the  depres- 
aioDB  demouettate  the  exlatenoe  of  a  long  range  variation  different  Irani 
the  ennapot  frequency  Tariation. 

Kico,  give  a  slightly  retarded  curve.  This  is  a  moat  interest- 
ing fact  becanse  the  pleionian  crests  of  Porto  itico  conld  not 
be  retarded  if  these  temperature  anomalies  did  not  have  a 
tendency  to  persist,  combined  with  a  tendency  of  displacement. 

Considering,  for  the  sEime  period  of  years,  consecntive 
curves  for  a  great  number  of  stations  of  temperate  or  even 
arctic  regions,  I  found  that  the  phenomenon  of  pleionian  Tari- 
atlons  is  less  comphcated  than  would  be  expected,  if  we  only 
admit  that  it  is  a  dynamical  phenomenon. 

The  pleions  displace  themselves  as  waves.  Bnt,  as  the 
variations  of  Havana,  Bulawayo,  Mauritius,  Batavia,  etc.,  are 
nearly  simultaneous,  one  would  he  inclined  to  think  that 
the  displacements  of  pleions  go  from  the  equatorial  regions 
towards  the  poles. 
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This  is  not  the  case.  The  variation  in  New  York  presents 
most  Ktriking  coincidences  with  the  Arequipa  Tariation,  and 
the  same  may  be  said  about  the  curve  uf  l^azan,  in  Rnssia, 
and  North  of  Iceland,  the  observations  made  on  Girimsey  Isl., 
under  the  polar  circle,  show  also  all  the  crests  and  depressions 
of  the  Arequipa  curve,  slightly  retarded. 

Therefore,  the  impulse  which  produces  the  pleionian  vari- 
ations must  be  felt  simultaneoQBiy  all    over    the   world,  and 


Pio.  2.   '  PendnlatioDB  of  the  pleioniao  center :  1900-1909. 


then, — just  as  in  the  case  of  a  handful  of  stones  projected  on  a 
quiet  surface  of  water, — from  distant  points  where  tne  impulse 
is  felt  directly,  the  so  produced  anomalicB  propa_^te  themselves. 


We  see  now  bow  the  conception  of  tbermopleions  has  I 
enlarged,  Pleions  are  not  simjtly  the  areas  occujiied  by  posi- 
tive departures  of  temperature  and  antipleions  the  areas  of 
negative  values.  They  are  thermal  waves.  It  follows  tliat, 
for  practical  purposes,  it  would  be  best  to  define  a  pleion  as 
l>eing  the  area  where  the  consecutive  annual  means  present  a 
tendency  to  rise.  But  then  the  rise  of  temperature  will  be  felt 
all  over  the  area  only  in  the  case  of  stationary  pleions.  If  the 
pleion  displaces  itself  the  rise  will  be  observed  ou  the  wave 
front,  whereas  on  the  other  side  we  slial!  notice  a  progressive 
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decrease  of  temperattire.  This,  of  course,  applies  to  conseca- 
tive  means. 

In  order  to  stndy  the  displacements  of  pleions,  I  made 
detailed  annual  departure  maps,  for  the  years  1900-1909,  for 
Scandinavia  and  Central  Europe,  for  North  America  and  for 
tbe  Atlantic.  I  hope  to  publish  these  maps  as  well  as  the 
discussion  of  the  resnlts  obtained  and,  at  present,  I  will  simply 
mention  some  of  the  interesting  points  of  my  investigation. 

The  main  result  gained  by  the  study  of  the  European  maps 
is  that,  durinft  the  years  1900-1909,  the  pleions  and  antipleions 
did  not  move  from  the  Atlantic  towards  Asia.  On  tbe  con- 
trary: the  displacement  was  from  the  NE.  towards  the  SW., 
or  from  the  E,  towards  the  W.  Moreover,  these  displacements 
did  not  cross  the  areas  of  maritime  climate.  The  big  pleion- 
ian  variations  of  Europe  appear  to  be  a  pnrely  continental, 
and  perhaps,  arctic  phenomenon.  But,  the  areas  where  they 
are  formed,  in  sitn,  are  probably  not  always  the  same. 

For  the  United  States  I  have  utilized,  besides  the  annnal 
detailed  departure  maps  and  the  consecutive  curves  of  a 
selection  of  stations,  also  consecutive  maps  obtained  from  the 
district  means  published  in  the  Monthly  Weather  Review.  I 
will  notice  a  few  problems  arising  from  a  closer  examination 
of  these  consecutive  maps. 

First  of  all,  during;  the  years  1900-1909,  the  pleions  as  well 
as  the  antipleions  displayed  a  tendency  of  persistence.  Mo 
see-saw  movement,  between  a  pleion  and  an  antipleion,  leading 
to  the  gradual  disappearance  of  both  and  then  to  the  forma- 
tion in  situ  of  a  pleion  on  t)ie  place  formerly  occupied  by  the 
antipleion  and  vice  versa,  could  be  traced.  Mmor  see-saw 
oscillations  took  place,  but  served  simply  to  increase  or  de- 
crease the  contrast  between  the  pleions  and  antipleions  with- 
out destroying  them.  Together  with  tbe  tendency  to  persist 
goes  a  tendency  of  displacement.  These  displacements  are 
generally  gradual  and  continuous,  but  sometimes  they  may  be 
very  fast  and  in  a  striking  contrast  to  the  nearly  stationary 
conditions  which  preced^  or  followed  the  rapid  change  of 
poeitiou. 

Another  fact  is  the  tendency  of  tbe  pleions  and  antipleions 
to  remain  on  the  continent.  In  other  words,  the  phenomenon 
of  the  variation  in  the  distribution  of  tbe  anomalies  of  yearly 
temperatures  in  North  America,  is  a  purely  North  American 
phenomenon.  The  pleions  and  antipleions  seem  to  be  cor- 
related or  bound  together.  One  depends  on  the  other.  If  one 
moves  the  other  moves.  The  area  of  the  North  American 
continent  seems  not  to  be  wide  enough  for  the  simultaneoos 
presence  of  many  pleions  and  antipleions.  In  order  to  remain 
on  the  continent  Uie  motion  of  a  pleion  involves  a  displace- 
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ment  of  the  antipleion  in  an  opposite  direction.  A  rotatory 
morement  is  the  consequence,    ft  ie  a  pendukUion  (fig.  2). 

The  principalproblem  is,  of  course  :  what  keeps  the  penda- 
lation  going!  Without  some  exterior  impnlse  the  moventient 
ivould  die  out  or  conld  not  even  originate.  I  think  that  it  is 
the  cause  of  the  formation  of  pleions  which,  repeating  iteelf 
more  or  less  periodically,  gives  the  impulse  to  the  clockwork. 

The  Russian  pleions  have  shown  some  correlations  with  the 
equatorial  variation  of  temperature,  illustrated  by  the  consecu- 
tive curve  of  Arequipa.  Theeonsecutivecurveof  New  Yorkalso 
belongs  to  the  Areqoipa  type.  We  see  now  how  the  tendency 
of  the  pleions  to  maintain  their  existence  complicates  the  prob- 
lem of  their  mode  of  formation  or  origin. 

Because,  since  for  certain  parts  of  the  United  States  the  cod- 
aecutive  temperature  carves  belong  to  the  direct  type, — that  is 
to  say,  are  similar  and  coincide  more  or  less  in  time  with  the 
equatorial  curves, — the  impulse  producing  these  variations 
must  be  the  same  as  that  which  produces  the  tropical  varia^ 
tioDB.  This  impulse  is  evidently  extra-terrestrial.  Therefore, 
where  the  vanation  is  direct,  the  departures  of  temperature 
will  not  be  due  to  abnormal  conditions  of  atmospheric  circula- 
tion, but  will,  on  the  contrary,  produce  sncb  changes  of  atmos- 
pheric pressure,  wind  direction  and  velocity,  etc.,  as  may  be 
characteristic  for  either  pleions  or  antipleions. 

But  on  the  maps  the  pleions  do  not  disappear :  they  move 
away.  Now  the  question  is  how — in  a  direct  type  of  vanation- — 
the  pleion  corresponding  to  the  second  crest  of  the  consecn- 
tive  curve  is  renewed  ?  Is  it  the  same  pleion  coming  back  from 
the  region  it  was  pushed  away  from  by  the  formation  in  situ 
of  the  direct  antipleion,  or  is  it  a  new  pleion,  and  if  so  what 
became  of  the  first  one  ! 

Let  us  call  the  pleionian  crests  of  the  Arequipa  curve  A,  B, 
C  and  D  (fig.  1).  The  consecutive  maps  show  that  the  crest  B 
of  New  York  went  northwest  over  Canada  and  then  southweM 
towards  California.  The  pleion  came  back  nearly  the  same 
way  dnring  1904-1906  (fig.  2).  The  crest  C  of  New  York  is 
therefore  the  same  aa  B.  But  if  we  try  to  follow  this  pendula- 
tion  on  the  consecotive  curves  of  individual  stations  we  do  not 
succeed  veiy  well.  And  this  is  because  the  amplitude  of  the 
departures  changes  independently  of  the  pendnlation.  The 
pleions  pendulate  and  surge  at  the  same  time.  An  old  pleion 
may  be  reintensified.  In  the  case  of  the  pleion  C,  the  surg- 
ing is  nothing  but  the  superposition  of  a  new  pleion  upon  an 
old  one,  BO  uiat  C  is  the  residual  of  B,  plus  a  new  impulse 
produced  in  situ  under  the  infinence  of  the  direct  solar  ac^tioa. 

In  this  way  it  is  conceivable  how  the  pleionian  variations 
may  be  more  important  on  the  North  American  continent 
than  identical  variations  in  tropical  regions. 
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I  have  taken  tbe  differences  betweea  the  highest  and  lowest 
departure  for  each  of  tbe  109  consecutive  maps,  in  other 
words,  the  total  amplitudes  between  pleions  and  antipleions. 
From  1900  until  1906  tbe  reversed  curve  expressing  these  fig- 
ures graphically  and  the  Arequipa  curve  are  similar.  Then, 
between  1906  and  1907  an  mteresting  anomaly  is  noticed. 
Uoreover,  the  Arequipa  temperatures  decreased  from  1900 
to  1909.  In  the  United  States  the  differences  betweea  pleions 
and  antipleions  were  also  decreasing  during  that  period  of 
years.  Independently  of  the  pendulations,  the  Arecjuipa  vari- 
ation affects  therefore  tlie  entire  system  of  Xortli  American 
pleions  and  antipleions. 

I  should  like  now  to  pass  in  review  some  results  obtained 
from  the  close  examination  of  European  rainfall  data,  for  the 
years  1851-1905,  and  to  other  researches  I  made  on  the  varia- 
tions of  atmospheric  pressure  and  of  sunshine  records, 
'  For  rainfall  and  the  other  meteorological  elements  the  con- 
secutive curves  also  show  perfectly  characteristic  crests  and 
depressions.  Moreover,  the  rhythms  are  absolutely  similar  to 
those  of  temperature.  In  consequence  we  shall  have  to  apeak 
of  pleions  of  atmospheric  pressure  or  baropleions,  or,  to  use  a 
simpler  expression,  of  baros  and  antibaros.  And  likewise,  in 
the  case  of  rainfall,  we  shall  have  ombropleions  or  ombrons  and 
antiombrons.  And  in  the  case  of  sunsnine,  we  shall  have  to 
speak  of  helions  and  antilielions. 

-  It  will  be  necessary  to  establish  the  details  of  all  these  varia- 
tions before  it  will  be  possible  to  search  for  the  mutual  rela- 
tionship of  thermopleions,  baros,  ombrons  and  helions,  and 
•nly  then  will  it  be  possible  to  examine  the  role  of  the  centers 
of  action  of  our  atmosphere,  and  this  will  lead  to  the  study  of 
seasonal  anomalies. 

,;  It  is  an  immense  field  of  research  work  to  be  made,  but,  as 
will  be  seen  immediately,  all  this  is  only  one  side  of  the  ques- 
tion of  climatic  variations.  We  have  indeed  to  consider  also 
the  macropleionian  variations. 

■     '  2.     Macropleionian  variations. 

',  In  order  to  detect  these  variations  it  is  necessary  to  form 
ponseeutive  means  of  groups  of  years.  It  is  impossible  to  take 
4,  5,  or  6  yearly  means  because  then  the  chances  are  that  the 
pgijres  will  be  greatly  influenced  by  the  pleions.  To  eliminate 
tlie  pleionian  variation  it  is  necessary  to  take  10  yearly  inenns. 
But  even  then  some  predominant  pleions  may  affect  the  means. 
Qji  the  pther  hand,  it  is  impossible  to  take  a  longer  period  than 
fen  years,  first  of  all  because  it  is  only  exceptionally  that  we 
iiave-to  deal  with  long  temperature  records  which  may  he  con^ 
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sidered  ae  being  perfectly  liomof^eneona,  and  tben,  because  a 
variation  of  about  18  or  19  years  seems  to  exist. 

Utilizing  Bigelow'e  tables  of  temperature  data  for  the 
United  States,  for  1873-1905,  I  made  consecutive  means  of 
decades  of  years  and  inscribed  tbe  departures  on  maps. 

To  gum  up  the  results  obtained  by  the  inspection  of  these 
maps,  I  will  say  that  the  long-range  variations  of  temperature, 
of  particalar  stations  in  the  United  States,  are  due  to  irregular 
pendulations  of  macropleions  and  macromeions,  that  these  pen- 
dnlations  are  complicated  by  the  existence  of  slight  see-saw 
movements  (or  vibrations)  which  increase  or  decrease  the 
departures,  making  tbe  macropleions  more  or  less  accentuated, 
and  that,  finally,  tlie  entire  system  of  macropleions  and  macro- 
meions moves  up  and  down.  This  last  movement  is  shown  on 
the  maps  by  an  increase  in  size  of  the  macropleions  and  a 
decrease  of  the  macromeions  or  vice  versa.  This  is  the  real 
long  range  variation.  The  decade  of  1873-1882  is  a  typical 
example  of  a  widely  spread  out  macropleion,  tlie  decade  1883- 
1892  shows  a  predominant  macromeion. 

For  Europe,  I  also  made  maps  giving  the  distribution  of  the 
percentage  of  rainfall  during  the  consecutive  decades  of  1851- 
1905,  and  found  that  the  macroombrons  display  phenomena 
very  similar  to  those  of  the  tliermopleionian  variations. 

A  priori,  one  may  presume  that  the  variations  interesting 
longer  periods  of  years  will  also  pendulate.  I  do  not  think  that 
this  hypothesis  is  in  contradiction  with  the  results  Ellsworth 
Huntington  has  obtained  from  the  discussion  of  historical  data. 
Concerning  geological  records  it  would  be  absolutely  prema- 
ture to  express  any  opinion. 

But,  for  practical  purposes,  the  brachypleionian  variations 
present  a  greater  interest.  As  yet  I  have  only  studied  the 
orachypleions  of  Arequipa. 

3.     Brachypleio7i»  of  Arequipa, 

For  this  study  I  had  to  take  the  daily  values  of  temperature 
most  kindly  sent  to  me  by  Prof.  Edw.  C.  Pickering.  I  made 
5  day  or  pentade  means,  and  then,  consecutive  monthly 
means, — the  pentade  and  not  the  day  being  the  unit.  In  this 
way  I  noticed  that  during  certain  years  (1902,  1903,  1906  and 
1907  in  particular),  a  bracliychronic  variation  of  about  55  days 
duration,  from  one  maximum  to  the  following  maximum,  is 
the  most  striking  feature  of  the  curves  (tig.  3), 

The  amplitudes  i)f  these  variations  may  be  as  important  as 
the  amplitudes  of  the  pleionian  variations,  that  is  to  say,  equal 
the  value  of  the  annnal  variation  of  temperature. 
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The  main  qnestion  is  to  know  what  prodaces  these  variations 
of  short  and  of  long  dnratton  t 
During  acme  volcanic  emptions  great  qaantities  of  pnlvcr- 
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PlO.  8.     BiBohfpleioaUn  TMiatton*  at  Ai«qiiipa. 

ized  ashes  have  been  projected  to  altitades  higher  than  the 
mean  elevation  of  the  cirrus  clonds.    Being  above  the  clonds, 
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this  Tolcanic  dnet  conld  not  be  washed  oat  from  the  atmos- 
phere, and  remained  therefore  in  snepension  long  enough  to  be 
spread  out  all  around  the  world,  by  the  western  drift  of  the 
general  circulation.  Recently,  C,  G.  Abbot  has  shown  that 
the  dnst  projected  by  the  eruption  of  Mt.  Katmai,  on  June  6 
and  7, 1912,  affected  the  solar  constant  determinations  made  by 
him  and  Mr.  Fowle  in  Algeria  and  on  Mt.  Wilson. 

However,  the  occasional  presence  of  volcanic  dnst,  prodnc- 
iDg  a  general  haziness  of  the  atmosphere,  as  in  tlie  case  of  the 
Krabatoa  and  Katmai  emptiona,  in  particular,  is  a  very  inade- 
qoate  explanation  of  the  formation  of  antipleioniau  depressions 
of  temperature.  The  consecutive  curves  prove  it  very  well. 
The  sntipleioDian  depressions,  on  the  curves  of  tropical  star . 
tions,  reoccur  more  often  than  the  ernptione  producing  atmos- 
pheric haziness.  Besides  that,  the  sedepressions  are  not  V-  or 
U-shaped  diecontinnities,  marking  interruptions  on  a  continu- 
ous carve,  bat  are  preceded  and  K>llowed  by  crests.  Now,  the 
presence  of  snch  crests  conld  not  be  explained  by  the  volcanic 
dast  hypothesis.  All  this,  supposing  of  coarse  striking  coinci- 
dences Between  the  depressions  of  the  equatorial  temperature 
corves  and  the  volcanic  ernptions  producing  dnst  veils  in  the 
higher  layers  of  our  atmosphere,  which  is  only  exceptionally 
the  case. 

The  brachypleionian,  the  pleionian  and  the  macropleionian 
creets  of  the  cousecative  curves  demonstrate  thererore  with 
evidence  the  fact  that  more  or  less  periodical  changes  of  the 
solar  constant  mast  be  the  real  primary  cause  of  the  varions 
climatic  variations. 

Considering  the  means  of  the  solar  constants,  observed  by 
Abbot  daring  the  summer  months  of  1905,  1906,  1908, 1909 
and  1910,  and  comparing  the  differences  between  the  mean 
values  with  the  corresponding  differences  of  temperature  in 
Areqnipa,  I  arrived  at  the  conclusion  that  a  difference  of  1°  F. 
corresponds  to  a  change  of  0*01  of  the  solar  constant. 

If  this  is  the  case,  the  lowering  of  temperature  required  to 

E reduce  ice  age  conditions,  on  our  earth  surface,  could  easily 
a  explained  bv  variations  of  solar  activity,  in  a  measure  which 
does  not  exceed  the  differences  actually  observed  between  the 
individual  values  of  the  solar  constant. 

Differences  of  0-15  to  0*20  have  been  observed  every  year. 
Such  differences,  if  permanent  during  some  centuries  or  thoa- 
sands  of  years,  woald  produce  the  required  differences  of  tem- 
perature. 
HMtinga-on-Hndaoa,  D«oeiiib«r  37, 1918. 
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Abt.  XXY. — Late  PaUozoic  Glaciation  in  the  Boston  Batin^ 
Mas$achuaetts ;  bj  Fbederic  H.  Lahek. 

The  BoBton  Basin  is  eesentiallj  a  down-fanlted  block  of 
sedimentarj  rocks  and  asEOciated  lavas  whicb  were  folded  aod 
locallv  metamorphosed  at  the  close  of  the  Paleozoic  Era.  They 
are  thonebt  to  be  of  late  Carboniferous  or  of  Permian  age. 
As  rw^rds  the  stratigraphic  sequence,  tlie  "Roxburj  cooglom- 
erate  constitutes  the  lower  3000  feet,*  and  the  "Somerville 
slates"  constitnte  the  upper  2300  feet,*  of  the  formation. 
Where  these  two  gronpe  of  strata  pass  into  one  another  there 
is  a  considerable  thickness  (two  or  tliree  hundred  feet)  of  tran- 
sition beds — shales  or  slates,  sandstones,  and  conglomeratic  rocks. 
The  main  mass  of  the  Boxburr  confflomerate  displays  charac- 
ters suggestive  of  piedmont  flnviattle  deposition,  but  within 
the  transition  beds  are  several  features  which  point  strongly 
to  Paleozoic  glaciation  in  this  vicinity. 

In  his  "Sqoantum  Tillite"t,  Mr.  R,  W.  Saylcs  has  ably  pre- 
sented the  caee  for  glacial  action  in  the  deposition  of  the  upper 
Krt  of  the  Roxbury  conglomerate.  It  is  this  upper  portion, 
longing  to  the  transition  beds,  that  he  calls  the  Squantum 
tillite.  While  Mr.  Sayles'  paper  is  written  with  a  force  and 
clearness  which  should  convince,  nevertheless  there  may  still 
be  some  of  his  readers  who  will  remain  somewhat  skeptical. 
Having  some  familiarity  with  the  Boston  Basin  and,  at  least 
in  the  large,  strongly  favoring  Mr,  Sayles'  convictions,  I  there- 
fore take  this  opportunity  of  offering  a  few  suggestions. 

Has  not  Mr.  Sayles  used  the  word  criterion  inadvisedly  t  On 
page  144  of  his  article  he  lists  fifteen  characteristics  of  the 
Squantum  tillite  and  subsequently  refers  to  these  as  criteria. 
The  presence  of  "Some  rounded,  water-worn  pebbles  or  bould- 
ers" IS  not  a  criterion  for  the  Squantum  tillite  nor  for  any  other 
tillite  or  till.  They  do  not  assist  in  the  determination  of  a 
deposit  as  till  or  tillite.  The  same  may  be  said  of  a  few  of  the 
other  phenomena  cited  in  the  list. 

Criteria  which  indicate  the  action  or  association  of  ice  in  the 
deposition  of  any  sedimentary  series  may  be  classified  as  fol- 
lows : — 

A.  Criteria  observed  in  ice-laid  deposits  (till  and  tillite).;} 
1.  The  deposit  as  a  whole, 

(a)  Is  "an  unstratitied  mass  of  miscellaneous  and  unsorted 
rock  materials." 

*  Mansfield.  O.  B. :  The  Origin  of  the  Soxbar;  Conglomerate.  Mas. 
Comp.  Zool.,  Bull.,  xlii,  pp.  209-210,  IBM. 

tMne.  Comp.  Zool..  Bull.,  Ivi,  pp.  141-175,  1814, 

%  In  this  clasBificatioii  I  have  drawn  freely  from  Mr.  Sayles'  paper. 
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(6)  May  contain  intercalated  "nests"  and  layers  wbioh  are 
ofteD  contorted. 

2.  The  matrix  consists  naually  of  rock-floDr  (sometimes  of 
Band). 

3.  The  included  fragments, 

(a)  If  of  compacted  (frozen?),  bnt  not  consolidated,  mate- 
rials (clay  or  sand)  when  handled  by  the  ice, 
(l)  Are  usaally  angular,  and 

(3)  May  show  crumpling,  caused  by  the  pressure  of 
Buperincambent  or  moving  ice. 

(ft)  If  of  conaolidated  rock  when  handled  by  the  ice, 

(1)  Are  generally  angular  or  subangular,  showing  the 
efiFects  of  bevelling  on  one  or  more  sides  and  of  blunt- 
ing on  one  or  more  comers. 

(2)  Are  often  atnated. 

(3)  May  show  concave  fractures. 

B.  Criteria  observed  in  aqueo-glacial  dopositfi. 

1.  Isolated  pebbles  and  bowlders,  striated  or  not,  may  be 
found  in  beds  which,  by  their  fine  texture,  uniform  bedding 
lamination,  or  lack  of  marked  cross-bedding,  indicate  that 
(hey  were  deposited  by  relatively  weak  currents  or  in  quiet 
water.     Such  pebbles  and  bowlders  suggest  ice-rafting. 

3.  Contemporaneous  deformation,  due  to  grounding  of  float- 
ing ice  blocks.* 

C.  Criteria  observed  in  connection  with  the  older  formations 
over  which  the  ice  may  have  paeeed. 

1.  Contortion  and  disruption  of  mud  and  sand  beds,  etc., 
suggesting  that  these  were  unconsolidated  or  too  weak  to 
resist  the  ice  pressure.  This  phenomenon  is  generally 
accompanied  by  criteria  cited  under  A,  3,  (a).  Id  this  case 
the  surface  of  unconformily  above  the  older  formation  is 
very  irregular  and  shows  no  striation  or  other  evidence  of 
strong  abrasion  of  this  kind. 

2,  The  surface  of  unconformity  is  polished,  striated,  or 
grooved,  and  shows  other  characters  typical  of  ice  erosive 
work.  These  features  suggest  that  the  older  formation 
was  consolidated  hard  rock  when  the  ice  passed  over  it. 

Of  the  criteria  noted  above,  the  only  ones  M'bich  are  rare  or 
absent  in  the  case  of  the  Sqiiantam  tillite  are  the  striated  peb- 
bles and  the  striated  subjacent  rock  floor. 

For  those  wlio  would  question  the  action  of  ice  in  the  deposi- 
tion of  part  of  the  Boston  Basin  sediments,  the  following 
remarks  may  be  added  to  what  Mr.  Sayles  has  already  said : — 

(1)  Abaence  of  a  striated  pavement  beneath  the  tillite  is  to  be 
compared  with  the  relations  between  the  Kansan  till  and  the 

'See  Lahee,  F.  H,,Coi)temporaneoDaI>eformatioD  ;  a  Criterion  foe  Aqoeo- 
{eIbcIaI  Sedimentation,  Jonmst  of  Qeolog]',  vol.  xxii. 
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nnderlying  Aftonian  stratified  drift,  ae  figured  \>j  CbamberliD  and 
Saliabury* 

(2)  Scarcity  of  stKatad  pebbles  and  bowlders  in  the  tillit«  has 
been  comparea  by  Hr.  Ssyles  to  the  similar  case  in  the  Pleistocene 
of  soatbem  Rhode  Island.  Last  summer  (1913),  in  company  with 
Dr.  A.  Knopf  of  the  U.  S.  Geological  Sarvey,  I  had  an  oppor- 
tunity of  examining  a  number  of  well-defined  lateral  and  frontal 
moraines  which  were  built  by  the  Pleistocene  valley  glaciers  of 
the  Sierra  Nevada  in  California.  We  were  much  impressed  by 
the  great  scarcity  of  striated  rock  fragments  in  these  moraiDes. 
In  the  Boston  Basin  this  feature  may  be  coSrdinated  with  the 
fact  that  here  ice  seems  to  have  travelled  over  unconsolidated 
sediments  instead  of  over  a  hard  rock  floor. 

(3J  The  large  angular  blocks  of  slate  and  shale  incloded  in  th« 
tillitef  resemble  the  masses  of  Aftonian  gravel  inclosed  in  the 
Kansan  till,  as  figured  by  Cbamberlin  and  Saliebury.t 

(4)  Mr.  Sayles  observes  that  near  the  top  of  the  tiUite,  "inter- 
calated stratified  beds  may  be  found."  I  have  frequently  noted 
similar  beds  of  sand,  some  contorted  and  some  not  so,  in  the 
Pleistocene  till  of  the  Boston  Basin,  both  in  irregular  till  sheets 
(ground  moraine)  and  in  drumlins. 

(5)  Contemporaneous  deformation  was  observed  last  autumn 
in  Pleistocene  sand  deposits  at  Woodland,  Mass.S 

(6)  The  presence  of  isolated  pebbles  and  bowlders  was  reported 
in  the  Camoridge  brick  clays  which  are  of  Pleistocene  age.| 

(7)  The  Somerville  slates,  at  the  base  of  which  are  found  evi- 
dences for  glacial  action,  are  remarkable  for  the  absence  of  fossils. 
It  is  interesting  to  note  the  similar  absence  of  foesils  in  the  Pleisto- 
cene brick  clays  of  Cambridge  and  other  localities.^ 

*aeo1ogj,  tol.  Ui,  p.  386, 1006. 
tSsjles,  op.  cit.,  pp.  143,  148. 
iOeologf,  ill.  p.  m 

{Lshee,  F.  H.,  op.  cit. 
Shaler,  M.  S..  Woodwortb,  J.  B.,  and  Harbnt,  C.  F.,  U.  S.  O.  S.,  Ann. 
Kept..  17,  Pt.  1,  pp.  970  and  990. 
H  Sbaler,  N.  S.,  etc.,  op.  oit.,  pp.  908-904. 

UauaohDBettB  InBtitnts  of  Teclmologj,  Febmarr  10,  1014. 
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Abt.  XX.Yl.~Note  <m  the  Use  of  the  'Wilson  Tilted  Electro- 
scope ;  by  H.  W.  Faewell. 

Ik  using  the  tilted  electroscope  I  have  freqaeotly  been, 
annoyed  by  the  lack  of  steadiness  of  the  zero  of  the  leaf  and 
have  found  various  causes  for  the  wandering.  Of  these  I  will 
mention  one  whicli  I  have  not  seen  described,  altliongh  very 
likely  many  who  have  nsed  electroscopes  adjusted  to  a  position 
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very   near  to  unstable   eqnilibrium    may   have  had  the  same 
tronble. 

The  wandering  which  had  been  ascribed  to  defective  insula- 
tion began  to  show  some  relation  to  the  defections  of  a  gal- 
vanometer connected  with  a  thermocouple  placed  near  the 
electroscope  case,  and  on  making  observations  witli  a  16  c.  p. 
carbon  lamp  as  a  heater,  the  disturbance  was  soon  shown  to  be 
due  to  convection  currents  inside  the  electroscope.  The  pos- 
sibility of  such  a  source  of  disturbance  had  been  considered  far 
too  remote,  bnt  the  curve  given  above  shows  how  distinct  is 
the  relation.  The  lamp  in  this  case  was  placed  a  short  distance 
above  the  tliick  lead  box  which  contained  the  electroscope. 
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The  top  of  the  box  was  fnllj  an  incli  over  the  heav;  brass  case 
of  the  electroscope. 

The  galvanometer,  of  low  resistaoce,  was  fairly  sensitive, 
about  10'*  amperes,  and  a  resistance  of  200  ohms  was  used  in 
series  with  the  iroii-conetantio  thermoconple.  The  electro- 
scope leaf  was  not  at  its  most  seositive  position  io  this  par- 
ticular observation,  the  whole  fluctnation  being  about  the  same 
as  would  be  caused  by  changing  the  potential  of  the  leaf  by 
about  •!  volt. 

By  moving  the  position  of  the  lamp  to  the  other  end  of  the 
electroscope  case,  the  leaf  was  observed  to  move  down  as  the 
temperature  increased,  showing  that  the  direction  of  the  con- 
vection currents  had  been  reversed. 

It  would  appear  to  be  most  desirable  to  nse  suspensions 
adjusted  as  is  the  gold  leaf  in  this  case  in  a  fair  vacuum,  since  it 
is  generally  necessary  to  use  some  sort  of  lamp  to  illuminate 
the  background  for  the  leaf. 
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Akt.  XXVII. — Mammut  Americanum  in  Connecticut ;  by 
Chableb  SoHiroHERT.  With  a  note  on  the  FarmiDgtoa 
epecimen  by  Kichard  S.  Lull. 


Introdaetion. — Tlie  nnearUnng  of  good  mastodon  bonee 
anywhere  is  worth  noting,  and  when  a  fine  skeleton  is  fonnd, 
and  especially  in  Connecticut,  the  discovery  is  all  the  more 
importAnt.  In  addition,  the  latest  tind  can  be  somewhat 
directly  connected  with  the  vanishing  of  the  Wisconsin  ice 
sheet,  the  last  glacial  episode  of  the  Pleistocene.  Bnring  the 
past  century  mastodon  bones  have  been  discovered  in  Connect- 
icut bnt  five  times,  the  last  one  found  preserving  more  of  the 
skeleton  than  all  the  previous  ones  combined.  Sooner  or  later 
these  occurrences  will  assist  in  the  formulating  of  a  more 
detailed  history  of  the  Glacial  Period,  a  time  as  yet  unravelled 
and  unmarked  by  the  successive  fannas  and  floras  that  inhab- 
ited North  America  during  this  age  of  decidedly  changing 
climatic  conditions.  As  yet  we  know  but  little  of  this  life, 
and  consequently  the  chronology  of  the  Pleistocene  in  Amer- 
ica thus  far  depends  solely  upon  the  physical  characters  of  the 
deposits  and  the  topography  of  the  period. 

Previous  Jinde. — (1)  The  earliest  record  of  the  finding  of 
mastodon  bones  in  Connecticut  dates  from  previous  to  1828, 
when  "some  remains  of  the  mammoth  were  tonnd  in  Sharon," 
Litchfield  county,  near  the  New  York  State  line,*  Nothing 
more  is  known  of  this  discovery  nor  of  what  has  become  of 
the  bones. 

(2)  Silliman  states  that  while  excavating  the  Farmington 
canal  in  the  snmmer  of  1828  there  were  fonnd  near  Cheshire 
"three  or  four  large  molar  teeth  of  the  mammoth"  in  gravel 
but  a  few  feet  under  ground.  Some  of  the  teeth  are  said  to 
have  been  mnch  worn  and  therefore  were  of  an  old  animal. 
It  appears  that  all  of  them  except  one  were  broken  up  at  the 
time  of  their  excavation,  and  that  the  remaining  tooth  was  pre- 
sented to  Yale  College  by  Edward  Hitchcock  (toe.  cit.).  This 
is  an  uncut  second  lower  molar  of  Mammut  americanum  {Ya\e 
Museum  catalogue  number  11985),  The  three  crowns  are  well 
preserved  and  bnt  little  mineralized,  as  the  tooth  was  fonnd  in 
a  more  or  less  dry  gravel. 

(3)  In  1833,  while  a  canal  was  being  dug  for  the  New 
Britain  Knitting  Company  in  New  Britain,  through  a  pond 
which  then  covered  what  is  now  the  comer  of  Elm  and  Church 

•ThiBJoDrnal,  liv,  187,1828;  alto  ziTii,  166,  1685. 
Am.  Jodr.  Sci.— Fourtb  Siukb,  Vol.  XXXVII,  No.  220.— Aran.,  19U. 
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Btreete,  there  was  found,  according  to  Silliinan,  &  nearly  eoin- 
ptete  dorsal  vertebra  of  a  mastodon.  Tlie  doi'sal  proccfs  was 
17  inclies  long,  tlie  centra  5'5  inclies  in  diameter  and  nearly  3 
ineliea  in  thickness,  while  tlie  neural  canal  was  3-5  by  2'75 
inches  in  height  and  breadth  respectively.  The  bone  had  a 
dark  chocolate  color  and  was  "not  mineralized  in  the  leaBt," 
It  was  taken  ont  of  mud  or  clay  3  feet  beneath  the  surface. 
Aeeociated  witli  the  hone  were  freshwater  siiells  "of  the 
genera  Planorbie,  Lymnsea,  Cyclas,  etc.,  sioiilar  to  those 
occupying  the  waters  of  the  vicinity,"* 

Doctor  Walter  L.  Barrows,  of  Trinity  College,  directs  atten- 
tion, in  a  letter  to  the  writer,  to  the  "Conuecticnt  Con  rant"  for 
June  2,  1834,  in  which  there  is  a  slatemeiit  that  SilJiiiiaD 
exhibited  this  bone  at  a  lecture  given  at  Ilartfoi-d  May  27, 
1634,  From  this  account  is  taken  tlie  following:  "From  the 
perfect  condition  of  the  bone  thus  accidentally  discovered,  tliere 
is  reason  to  believe  that  a  complete  skeleton  may  he  recovered 
in  the  morass  where  the  specimen  in  question  was  fonnd." 
This  hone  was  presented  to  Yale  College  by  Elijah  H,  Burritt, 
but  is  evidently  no  longer  in  existence. 

(4)  A  second  mastodon  was  discovered  in  New  Britain  in 
September,  18.^)2,  and  the  bones  were  for  many  years  on  exhi- 
bition there  at  the  State  Normal  School.  What  became  of  these 
bones  after  1885  is  not  known.  The  present  information  is 
taken  from  an  account  by  Hon.  David  N.  Cttmp,t  entitled 
"Mastodons  roamed  Connecticut  once."  While  excavating  in 
a  soft  swampy  soil  for  a  pond  on  land  beloueing  to  Mr.  Wil- 
liam A.  Churchill,  the  workmen  came  across  a  considerable 
portion  of  a  mastodon  skeleton,  "the  thigh  hone,  hnmenis, 
tibia,  several  of  the  ribs,  and  two  or  three  teeth.  Some  of  the 
bones,  on  being  exposed  to  the  air,  crumbled."  This  locality 
is  now  in  the  city  of  J<ew  Britain  back  of  the  Young  Women's 
Christian  Association,  or  near  the  junction  of  School  and 
College  streets. 

(5)  Professor  Edward  Hitchcock  got  in  1871  a  mastodon 
molar  that  was  taken  "out  of  a  muck  bed  on  the  farm  of  Elias 
Bardwell"  in  the  town  of  Colerain,  which  is  near  the  north 
line  of  Massachnsett£.  This  was  then  the  first  known  occnr- 
renee  of  mastodon  in  that  stBte.:^ 

The  I^armington  or  Pope  mastodon. — Late  in  August,  1913, 
Italian  workmen,  while  digging  a  trench  to  drain  a  small  up- 
land swamp  on  the  beautiful  estate  of  the  late  A.  A,  Pope,  near 

•Tbis  Jonmal,  xirit,  ISS,  18SS.  Here  the  locality  is  given  u  Berlin,  bnt 
D.  N.  Camp,  in  tbe  article  cited,  ^res  it  as  above  descrilwd. 

t  Hartfo^  Timtt  at  Janaary  3,  1914.  The  Bret  itatement  resuming  th* 
1852  specimen  appeared  in  the  saroe  paper,  on  September  21  of  that  rear. 

t  This  JonnuJ,  (8),  Hi,  146,  1873. 
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FsnniDeton,  reported  to  the  euperiDtendent,  Mr.  Allen  B. 
Cook,  the  fioding  in  the  bog  of  a  "  black  devil."  Mr.  Cook,  a 
graduate  of  the  Maftsachneette  Agricultural  College,  soon  saw 
the  Bignificance  of  the  find  and  reported  the  matter  to  Mrs. 
Pope,  who  was  much  interested  in  the  remarkable  discovery 
and  through  Attorney  Charles  T.  Brooks  brought  the  informa- 
tion to  the  writer.  The  trench  at  the  time  of  the  latter'e  visit 
revealed  a  number  of  large  bones  of  one  of  the  fore  limbs  and 
the  back  part  of  the  skull,  whicii  had  unfortunately  been  greatly 
damaged  before  the  Italians  became  aware  that  they  were 
removing  bone  and  not  a  proetrate  tree. 

The  exiiumation  of  the  skeleton  was  nudertaken  by  Mr. 
Hugh  Gibb,  assisted  by  three  other  preparators  from  Pea- 
body  Mnseuiii  at  Yale,  and  by  five  Italians.  So  careful  were 
these  "bone  diggei-s"  that  all  the  clay  immediately  around 
the  skeleton  was  dug  out  with  their  hands,  as  they  felt  their 
way  through  the  sticky  clay  down  to  and  around  the  bonee. 
The  greater  part  of  the  skeleton  was  taken  out  in  two  weeks' 
time.  Subsecjnently  it  was  decided  to  enlarge  the  shallow  hole 
and  to  make  of  it  a  water  reservoir  for  the  estate,  and  daring 
this  excavation  the  workmen  late  in  Iforembercame  upon  one 
of  the  great  tusks,  lying  alone,  23  feet  away  from  the  skull,  and 
in  perfect  preservation. 

The  skeleton  of  the  Farmington  mastodon  consists  of  all  of 
the  essential  parts,  minus  most  of  the  small  hones  of  the  feet, 
a  few  of  the  smaller  leg  bones,  most  of  the  caudal  vertebrae, 
and  one  of  the  tusks.  The  greater  part  of  the  animal  lay 
together  with  the  bones  more  or  less  jumbled,  but  in  the  main 
there  was  still  considerable  natnral  skeletal  alignment,— 
the  head  at  one  end  and  the  pelvis  less  than  10  feet  away. 
Scattered  about  and  often  many  feet  away  from  the  central 
mass  lay  single  bones  of  the  feet,  tail,  vertebra,  ribs,  and  one 
scapula.  The  recovered  tusk  lay  farthest  away  and  on  a  level 
about  2  feet  higher  than  the  main  mass  of  bones,  which  were 
in  the  lowest  part  of  the  swamp.  Fig.  1,  drawn  to  scale  by 
Professor  Lull,  shows  the  general  disposition  of  the  hones  of 
the  mastodon  as  they  were  found. 

Geologic  poaition  of  the  Fanainglon  mdstodon. — The  Farm- 
ington skeleton  lay  in  a  shallow  trough  directly  on  bowlder- 
clay,  a  thin  covering  of  ground  moraine  that  originally  mantled 
the  adjacent  hills  and  valleys  alike  and  was  deposited  by  con- 
tinental glaciers  during  Wisconsin  time,  (See  contour  map, 
fig.  2.)  The  bowlder-clay  is  light  blue  in  color  and  consists  of 
a  decidedly  sandy  fine  mud,  with  some  coarse  sand,  an  abun- 
daoce  of  mnscovite,  and  many  striated  bowlders,  large  and 
■mall,  mainly  of  trap  with  some  quartzite  and  crystalline  rocks. 
That  the  till  was  largely  derived  from  the  adjacent  Triassic 
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areft  is  attested  not  only  by  the  saody  blue  clay  but  more  eep^ 
cially  by  the  abundance  of  trap  bowlders. 

The  Farmington  highlands  had  not  become  much  covered 


,Wt  scapula;  6,  lower  jaw;  7,  skull; 


FlO.  1.  DLagram  of  tbe  Fanaiugton  swamp,  Bhowing  the  bones  in  tifw 
kDdtbe  trench  that  led  to  thslr  diBcoverj.  Drawn  in  abaenlia,  from  descrip- 
tions, sketches,  and  photoxraphs,  b;  Richard  S.  Lull.  Approzimste  seals 
1/8  inch  to  1  foot. 

A.  Original  ezoavation.     B.  Snbseqtieiit  ezoavation  in  purt.     1,   fsroor; 

2,  pelvis  ;  8,  fetunr;  4,  homems  :   5,W' " '"     *    ' " —     "     '    " 

8,  rlgbt  scapula;  9,  tnsk. 

with  vegetation  when  the  proboscidean  under  discUBsion  died, 
for  not  a  trace  of  organic  matter  or  of  oxidized  till  was  fonud 
beneath  the  skeleton,  and  but  very  little  vegetable  matter  is  seen 
in  the  slightly  modified  or  ondized  bowlderless  clay  snrronnd- 
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ing  tlie  boDee,  nor  was  there  a  trace  of  the  orj^nic  matter  of 
tlie  animal  left  (see  6g.  3).  Further,  there  wae  no  permanent 
take  with  an  abundance  of  vegetation  formed  at  this  time  or 
later,  for  no  freshwater  shells  (shell  marl)  were  seen  and  the 
clays  do  not  at  all  effervesce  under  hjdrochloric  acid.  Car- 
bonate of  lime  is  a  good  preservative  of  bones,  but  in  this  case 
there  is  none  present.  The  animal  does  not  appear  to  have 
been  mired  where  it  was  found ;  it  probably  died  and  lay 
decomposing  in  the  marsh,  where  occasional  carnivorous  or 
scavenging  animals  came  and  dragged  about  some  of  the  bones, 
though  why  one  of  the  tusks  should  be  about  23  feet  away 
from  the  skull  and  on  higher  ground  by  2  feet  is  hard  to 
explain.  On  the  other  hand,  the  body  could  not  have  lain 
thns  exposed  many  years,  even  in  a  cold  climate,  for  most 
of  the  bones  immediately  above  the  till  have  well-preserved 
smooth  and  glossy  snrfacee.  Nevertheless,  nearly  all  of  the 
skeleton  of  the  feet  is  absent,  while  some  of  the  other  small 
bones,  and  especially  those  of  the  tail,  were  so  rotten  that 
they  could  not  be  lifted  and  preserved.  The  absence  of  these 
smaller  bones  may  be  due  either  to  carnivores  or  to  oxidation, 
or  to  both  causes.  Some  of  the  parts,  and  especially  the  pelvis 
and  top  of  the  skull,  lay  so  near  the  turf  that  the  percolating 
waters  with  their  humic  acids  and  the  penetrating  roots  of  the 
plants  had  done  considerable  damage.  It  would  seem,  however, 
that  the  skeleton  must  have  soon  become  buried,  and  this  is 
suggested  by  the  embedding  clay,  which  is  almost  unaltered 
glacial  till  devoid  of  all  bowlders.  lu  other  words,  the  clav  of 
the  general  ground  moraine  on  either  side  of  the  little  valley, 
but  more  porticalarly  that  of  the  rounded  hills  to  the  north, 
was  then  neing  waslied  from  between  the  bowlders  into  the 
lower  land,  rapidly  covering  the  skeleton.  These  hills  are  even 
now  covered  in  abundance  with  the  much  oxidized  trap 
erratics,  hardly  any  of  which  retain  the  glacial  striations,  but 
there  is  little  blue  clay  here  now.  We  therefore  have  the  phe- 
nomenon of  the  unoxidized  clay  washed  into  the  swamp  or 
seasonal  lake,  while  the  remaining  bowlders  have  ever  since 
been  exposed  to  the  influences  of  the  weather,  the  trap  bowl- 
ders being  the  most  altered. 

Above  the  till  wherein  the  mastodon  lay  follows  from  6  to 
18  inches  of  glacial  blue  bowlderless  clay  that  is  but  slightlv 
raodilicd  bj'  some  plant  remains,  largely  roots,  that  have 
penetrated  into  it  from  the  swamp  above.  This  is  followed  by 
30  inches  of  a  similar  clay,  slightly  more  modified  by  entombed 
plants  and  penetrating  roots,  but  still  with  an  abundance  of 
brilliant  muscovite.  At  the  top  occurs  about  18  inches  of 
stringy  turf  that  is  full  of  water  during  most  of  the  year, 
making  the  swampy  ground.     In  other  words,  the  Farmington 
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maBtodon  was  covered  in  the  course  of  time  by  5  feet  of  groand, 
4  feet  of  which  is  modiiied  glacial  clay.  The  ADinial  was 
therefore  buried  by  the  inwaali  of  about  4  feet  of  glacial  clay, 
Bince  which  time  about  18  inches  of  turf  has  accumulated. 

As  the  skeletoD  was  entonil>ed  shortly  after  the  van- 
ishing of  the  Wisconsin  ice  sheet  in  the  highlands  about 
Farmington,  one  gets  from  the  evidence  given  a  bint  of  the 
recentness  of  these  two  sets  of  phenomena.  The  washing  of 
the  clav  into  the  depression  could  have  occurred  in  a  few 
hundred  years,  and  the  stringy  tnrf  apparently  did  not  take 
much  more  time  to  form.  Then,  too,  the  skeleton  shows 
no  mineralization  nor  petrifaction  and  is  but  little  discolored 
to  a  light  brown  by  the  waters  of  the  swamp.  Further,  the 
several  skeletons  found  about  Newburgh,  New  York  (chiefly 
the  Warren  skeleton  of  the  American  Museum  of  Natural 
History  and  the  Otisville  specimen  at  Yale)  look  like  bones 
buried  bnt  a  few  hundred  years.  Both  of  these  mastodons 
were  buried  in  a  shell  marl,  a  preservative  of  bones,  bnt  still 
not  a  single  shell  species  of  wnicb  the  marl  is  composed  is 
extinct,  according  to  the  great  concho1^iBtGou1d(who identified 
Limnea  galhana,  Flanorbis  parvus,  Valvata  triearinata,  Am- 
nioola  galhana,  and  Uyclag  galhana).  The  Warren  mastodon  lay 
in  the  marl  of  a  small  pond  not  over  40  feet  in  diameter,  covered 
by  a  foot  of  red  moss  and  2  feet  of  peat  bog.  The  entire 
skeleton  lay  in  articulate  position  and  was  so  welt  preserved 
that  it  was  dug  out  by  inexperienced  men  in  two  days.  Further- 
more, between  the  riiis  lay  from  4  to  6  bushels  of  vegetable 
food,  largely  coniferous  and  much  like  spruce  or  hemlock. 

Didman  and  .Vammut  americanum  live  together  in  America^ 
— Can  it  be  that  Mammut  americanum  vanished  from 
Connecticut  within  a  tbonsand  or  at  most  a  few  thousand  years 
and  yet  was  unknown  to  the  North  American  Indians?  If 
the  prehistoric  Indians  knew  and  helped  to  exterminate  these 
animals,  and  as  they  were  the  makers  of  neolithic  implements, 
_,  why  do  we  not  find  ivory  in  their  graves! 

in  this  connection  it  should  not  be  forgotten  that  John  M. 
Clarke  in  1887  dug  up  at  Attica,  Wyoming  county,  New  York, 
bones  of  Mammut  americanum  associated  with  pottery  and 
cliarcoal.  Not  much  of  the  skeleton  was  present  and  the  bones 
lay  but  2-5  feet  beneath  the  "natural  surface."  Associated 
with  them  (ribs)  were  "four"  small  fragments  of  charcoal" 
while  in  another  part  of  the  diggings  beneath  all  (4  feet)  of  the 
vegetable  muck  and  lying  upon  "compact  laminated  clay " 
"  was  found  a  fragment  of  pottery,  and  from  beneath  and  around 
it  were  taken  about  thirty  fragments  of  thoroughly  burned 
charcoal.  These  traces  of  ancient  man  were  found  fully  12 
inches  further  down  from  the  natural  surface  of  tlie  ground 
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than  the  deepest  of  the  bonee  takeu  from  the  other  [there 
were  two]  sink-hole."  The  pottery  indicated  a  thick  coaise 
vessel  about  8  inches  across,  while  the  "  thoroughly  burned  " 
charcoal  varied  in  size  "from  two  inchee  in  diameter  down."* 
All  in  all,  the  evidence  appears  to  show  that  the  Wisconsin 
ice  sheet  vanished  from  Connecticut  and  New  York  not  many 
thoQsands  of  years  ago.  Furtlier,  the  associated  human  evidence 
found  with  or  beneath  the  Attica  maetodon  bones  is  a  positive 
bint  that  should  open  our  minds  to  the  poesibility  that  man 
was  associated  in  America  with  Mammut  americanum. 
There  is  still  further  paleontologic  evidence  suggesting  the 
existence  of  man  eveu  earlier  than  tile  occurrence  in  New  York. 
Professor  Williston  states  that  on  a  small  tributary  of  the 
Smoky  Kill  river  in  Logan  county,  Kansas,  Mr.  Handel  T. 
Martin  found  beneath  but  in  contact  with  a  right  scapula  of  the 
extinct  Bison  oacidentalia  an  arrowhead.  The  bones  of  the 
eight  animals  present  and  the  human  implement  were  not  sur- 
face finds,  but  were  secured  by  digging  away  several  feet  of 
the  *'  upland  marl,"  a  deposit  that  originally  covered  the  fossils 
at  least  to  a  depth  of  20  feet.  In  this  marl  also  occurs  Elephaa 
primigeniue,  an  animal  well  known  to  ancient  man  of  western 
Europcf 

Note  on  the  Farminglon  specimen/  by  Richabd  S.  Lull. 

The  Farmington  mastodon  has  not  yet  been  prepared  for 
exhibition,  so  that  two  important  elements,  the  skull  and  pelvis, 
being  still  in  the  plaster  of  Paris  bandages  which  were  pat 
on  at  the  time  of  exhumation,  are  unavailable  for  study. 
Certain  broad  generalizations  can,  however,  be  made  which 
may  be  of  interest. 

The  skeleton  is  that  of  a  fully  adult  individual,  the  evidence 
for  which  lies  in  the  great  size,  the  fully  coossified  epiphyses  of 
the  vertebrae,  and  in  the  facts  that  the  full  quota  of  molars 
had  come  into  use  and  tliat  all  of  their  ridges  show 
signs  of  wear ;  though,  as  the  more  posterior  ones  have 
suffered  but  little  in  this  regard,  the  animal  nmst  have 
been  in  the  prime  of  life.  1  should  judge  the  specimen 
to  have  been  a  male,  though  the  one  absolutely  diagnostic 
character,  that  of  the  presence  of  one  or  two  lower  tusks  as  in 
the  great  Warren  mastodon  in  the  American  Mnseum  of 
Katural  History,  is  lacking.  The  size  again  and  the  great 
development  of  the  upper  tusks  are  the  only  present  evidences 
of  sex  available,  though  that  of  the  ratio  of  pelvic  aperture  to 
pelvic  breadth,  larger  in  the  female,  may  be  learned  when  the 
element  can  be  studied. 
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The  limb  bones  are  rel&tiTely  slender  inproportion  to  their 
length  in  comparison  with  those  of  the  Warren  mastodon  or 
the  Otisville  specimen  mounted  at  Yale,  both  of  which  are 
exceptionally  powerful  animals  though  differing  marked);  in 
stature  and  general  appearance.  In  size,  the  new  skeleton 
stands  almost  midway  between  them  ;  for  instance,  the  nlna  of 
the  forearm  measures  28  inches  in  length  in  the  Otisville 
animal,  31  inches  in  that  of  Farmington,  and  34  inches  in  the 
Warren  specimen,'  and  the  other  measurements  which  I  have 
been  able  to  compare  ran  in  much  the  same  proportion. 

The  Otisville  specimen  was  not  fully  matnre  at  the  time 
of  its  death,  as  certain  of  the  vertebral  epiphyses  are  still  bat 
partially  coalesced  and  the  hinder  ridges  of  tlie  teeth  show  no 
appreciable  signs  of  wear.  As  mounted,  this  specimen,  a 
young  male  of  abundant  promise,  stands  8  feet  3  inches  at  the 
shoulder,  with  a  length  of  13  feet  2  inches  from  the  tip  of  the 
premaxillary  bone  to  the  curve  of  the  tail.  The  assembled 
bones  of  the  Connecticut  specimen,  however,  give  an  estimated 
shoulder  height  at  least  6  inches  greater,  though  just  how 
the  other  dimensions  would  compare  one  cannot  say  ;  but  the 
contrast  of  bone  proportions  seems  to  indicate  that  those  of  the 
entire  body  would  vary  as  welt.  Tlie  erection  of  the  two 
skeletons  side  by  side  for  comparison  would  thns  be  of  the 
highest  scientific  importance. 

The  tusks  of  the  Otisville  mastodon  have  not  been  found 
and  little  idea  of  the  relative  length  of  this  element  can  be 
obtained.  The  size  of  the  tusk  socket  would  indicate  a  tusk 
but  a  half-inch  less  in  circumference  than  that  recently  found 
at  Farmington.  The  latter  is  33  inches  in  greatest  girth  and 
measures  8  feet  10  inches  on  the  curve  and  6  feet  3  inches 
between  perpendiculars. 

There  is  nothing  to  indicate  that  the  Farmington  mastodon 
does  not  belong  to  the  principal  Pleistocene  species,  Mammut 
(Mastodon)  amerieanum,  the  known  rangeof  whose  variations 
is  amply  sufficient  to  account  for  all  of  Hie  points  of  contrast 
which  have  been  mentioned. 
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Akt.  XXVIII.— 0»  the  Hydrolysis  of  Enters  of  Subsiituted 

Aliphatio  Acids ;  by  E,  W,  Dean. 
[ContribatloQe  from  the  Kent  Chemical  Laboratorjof  Tale  Univ.— ccItL] 

7.  Hj/drolygia  in  Acid  and  m  Alkaline  Solution  of  JEk,hyl  Eaters 
of  Hydroxy  Butyric  Acids. 

Acid  Htdboi.tbis. 
Preliminary  Discussion. 

The  effect  of  the  bydroxyl  group  upon  the  velocity  of  acid 
hydrolysis  lias  been  shown*  to  be  somewliat  irregnlar  in  the 
cases  of  acids  of  the  acetic  and  propionic  series.  Etliyl  glyeol- 
late  is  decomposed  a  little  more  rapidly  than  the  acetate.  Ethyl 
lactate,  the  alpha  hydroxy  propionate,  has  a  greater  reaction 
velocity  at  twenty-five  degrees  and  a  less  at  forty-five  than  has 
ethyl  propionate.  This  is  due  to  the  lower  temperature  coeflB- 
cient  of  the  hydroxy  ester,  but  makes  it  immediately  impossible 
to  state  tliat  the  presence  of  this  particular  substituted  group 
facilitates  the  hydrolytic  cleavage.  Ethyl  glycerate,  which  is 
the  alpha,  beta,  di-hydroxy  propionate,  lias  relatively  a  very 
low  rate  of  hydrolysis,  sliowinsr  that  the  substitution  of  two 
groups  may  produce  an  effect  iliffenng  in  order  of  magnitude 
from  that  of  one. 

In  view  of  the  above  facts  it  was  thought  desirable  to  obtain 
more  data  bearing  upon  this  subject,  and  consequently  meas- 
nremeuts  have  been  made  of  the  rates  of  decomposition  of 
'several  hydroxy  butyric  esters.  Those  which  were  examined 
comprise  the  following  list : 

Ethyl  alpha  bydroxy-butyrate,     CH.(1H.CH(0H)C00C,H. , 
Ethyl  beta  hydroxy-bntyrale,       CH.CH{OH)CH,C0OC,U. ,  and 
Ethyl  alpha  hydroxy-iso-butyrate,  ^[|'>C(OH)COOC,H,. 

Ethyl  norma!  butyrate  and  ethyl  iao-butyrate  were  of  course 
hydrolyzed  at  the  same  time  with  these  esters  in  order  that  the 
comparisons  made  should  deal  with  the  results  of  measurements 
made  under  identical  conditioiig. 

Preparation  of  the  Esters, 

Ethyl  butyrate  was  the  Kahlbaum  preparation  of  commerce 
which  was  carefully  purified  by  washing  and  by  fractional  dis- 
tillation. Boiling  point,  118-5°  to  119  5°.  The  figure  given 
in  Beilstein  is  llO-O". 

Ethyl  iso-butyrate  was  prepared  by  the  method  of  Pierre  and 
♦  This  Jonroal,  »xxiv,  398 ;  ixiv,  ^86. 
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Pnchot.*  leo-biitjl  alcohol  was  oxidized  with  chromic  acid 
and  the  iao-butyl  eater  of  iso-butyric  acid  thus  formed.  From 
this  the  ethyl  ester  was  obtained  by  the  Biicceseive  processes 
of  saponification  by  alkali,  acidification,  and  treatment  with 
ethyl  alcohol.  This  last  esterification  was  conducted  accord- 
ing to  the  method  of  Wi8liceDUB.t  The  purified  product 
boiled  at  110°,  which  is  the  figure  given  in  the  literature. 

Ethyl  alpha  liydroxy-hutyrate  was  obtained  by  the  esterifi- 
eatioa  of  acid  parctiased  from  Kahlbanm.  After  obtaining 
unsatisfactory  resnlts  from  trials  by  most  of  the  usual  metliods 
the  method  of  Bogojawlensky  ana  Narbut^  was  found  to  be 
well  adapted  to  this  case.  The  acid  was  boiled  with  absolute 
alcohol  in  the  presence  of  finely  powdered  auhydrons  copper 
sulphate.  The  resulting  ester  was  purified  by  fractional  distil- 
lation and  a  sample  obtained  boiling  between  162°  and  164° 
uncorrected.  The  temperature  given  in  Beilstein  is  165° 
corrected. 

Ethyl  beta  hydroxy-butyrate  was  purchased  from  Eahlbaum 
and  was  used  without  special  purification.  Its  boiling  point 
was  178°  to  180°  uncorrected  ;  no  value  is  given  in  Beilstein. 
As  a  check  upon  the  reliability  of  this  commercial  product 
a  small  quantity  was  prepared  by  eeterifying  some  of  the 
free  acid  by  the  Copper  sulphate  method.  One  or  two  portions 
of  this,  when  hydrolyzed,  gave  constants  approximately  the 
same  as  those  of  the  Eahlbaum  preparation.  The  freedom  of 
the  latter  from  impurities  of  any  other  esters  was  also  proven 
by  the  regularity  of  its  velocity  constants.  The  presence  of 
another  ester  having  a  different  rate  of  reaction  would  have 
caused  a  progressive  decrease  in  any  series  of  these  constants. 

Etiiyl  alpha  hydroxy-iso-bntyrate  was  also  purchased  from 
Eahlbaum  and  was  proven  sufiiciently  pure  by  analysis  and  by 
determination  of  its  boiling  point.  The  latter  was  146°  uncor- 
rected, that  given  in  Beilstem  is  150°  corrected. 

Procedure. 

•  The  Qusnbstituted  esters  of  this  list  have  rather  low  solubil- 
ities, so  that  it  was  found  desirable  to  modify  somewhat  the 
procedure  |  which  had  been  nsed  for  acetates  and  propionates. 
In  cases  where  a  solution  of  the  ester  six  hundredths  or  more 
normal  can  be  prepared  in  decinormal  hydrochloric  acid,  it  is 
simplest  to  titrate  twenty-five  cubic  centimeter  portions  directly 

•  AqbI.  de  Chim.  et  Phys.,  (4).  xxTili,  3S6. 
f  Add.  d.  Chem.  u.  Pharm.,  cliiv.  181. 

i  Ber.  xiXTJii,  3344,  See  bIbo  Clemmensoa  and  HeltmAU,  Am.  Chem. 
Jonr.,  ilii,  816. 

I  This  Joamal,  xxxiy,  293 ;  xxxv,  486. 
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witli  approximately  tenth  normal  baryta  water.  The  initial 
titration  will  then  he  abont  twenty-five  cubic  centimeters,  tlie 
final  at  least  fifteen  cnbic  centimeters  greater.  With  a  range 
of  this  magnitude  the  constant  error  of  titration  does  not  cause 
nndne  irregnlarity  among  the  constants  obtained.  Saturated 
solntions  of  ethyl  butyrate  or  ethyl  iso-butyrate  (in  deciiiormal 
hydrochloric  acid)  are  only  two  to  three  hundredths  normal, 
and  the  range  in  the  titrations,  measured  in  tenth  normal  barium 
hydroxide  solution,  is  from  fire  to  seven  and  a  half  cubic  centi- 
meters. This  is  inconveniently  small,  and  tliree  modifications 
have  been  tried  to  increase  it.  First,  fifteen  cubic  centimeter 
portions  were  titrated  witli  twentieth  normal  alkali.  The 
advantage  here  is  slight  but  definite,  the  ranf^  increasing  by 
one-fifth  and  the  error  remaining  about  the  same. 

Next,  a  modification  of  the  method  of  De  Hemptinne  was 
tried,*  A  twenty-five  cubic  centimeter  portion  of  the  reaction 
mixture  was  treated  with  twenty-fiva  cubic  centimeters  of 
tenth  normal  baryta  water  and  the  titration  completed  with  a 
twentieth  normal  solution  of  the  same  alkali.  This  doables  the 
range,  bnt  unfortunately  largely  increases  the  error  of  titration. 

The  third  and  most  satisfactory  method  involved  the  ase  of 
twentieth  normal  alkali  and  a  hnndred  cnbic  centimeter  bnrette. 
The  latter  was  of  the  bore  of  the  ordinary  fifty  cubic  centi- 
meter bnrette  but  was  made  with  a  top  bulb  that  brouglit  its 
capacity  np  to  a  hnndred  cubic  centimeters.  When  twenty- 
five  cubic  centimeter  portions  of  the  reacting  mixture  were 
titrated  with  this  it  was  possible  to  have  a  total  range  of  from 
ten  to  fifteen  cubic  centimeters  with  a  very  slight  increase  io 
the  error.  One  drop  of  twentieth  normal  alkali  was  sufficient 
to  produce  a  perfectly  definite  color  change  in  the  indicator,  and 
there  was  little  increase  of  error  due  to  the  draining  and  read- 
ing of  this  burette. 

The  procedure  may  be  briefly  summarized  as  follows:  Two 
hnndred  and  fifty  cnbic  centimeter  flasks  containing  the  soln- 
tions of  the  esters  in  decinormal  hydrochloric  acid  were  placed 
in  an  accurately  regulated  thermostat. f  At  measured  intervals 
of  time  portions  were  removed  by  means  of  a  twenty-five  cubic 
centimeter  pipette,  run  into  cold  water  and  their  acidity  deter- 
mined by  titration  with  twentieth  normal  barium  hydroxide 
solution.     Phenol phthalein  was  employed  as  an  indicator. 

Of  the  more  insoluble  esters,  saturated  solutions  were  pre- 
pared by  shaking  the  acid  vigorously  with  an  excess  of  ester 
and  then  filtering.  The  paper  was  first  moistened  with  the 
acid  solution,  which  preventea  the  passage  through  it  of  any  of 
the  undissolved  ester.  The  measurements  of  the  final  acidity 
were  made  npon  portions  ef  the  mixtures,  heated  several  days 
■ZeitBcbr.  f.  pbjB.  Ch«m.,  xiii,  561. 
t  This  Joamal,  iii,  72. 
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in  sealed  tubes  at  tibout  ninety  degrees.    Tbe  completion  of 
the  reaction  was  iu  tliih  way  aseuretT 

Calculations  were  made  by  the  use  of  tbe  well-known  titra- 
tion formula*  for  reactions  of  tbe  tirst  order.  In  the  tables 
are  given  values  of  tbe  constants  obtained  and  of  the  periods 
in  minutes  over  which  the  courses  of  the  various  reactions 
were  followed.  Bracketed  constants  are  not  counted  in  the 
averages;  their  irregularity  being  undoubtedly  caused  by  undue 
experimental  error. 

Table  I. 
Hydrolysis  at  25°.  N/10  HCl. 

Ethyl  Ethyl  Ethyl  o-     Kthyl  o^iy-       Ethyl  (?■ 


Eat«t 

Bntyrite      !• 

D-bntyinte 

Oiy-bu(yrate 

Isobat; 

rate  Oxy-bntyr 

Time 

3675 

3675 

4320 

367. 

3675 

53-3 

40-5 

37-2 

19'e 

10-2 

51-8 

39-4 

40-1 

21-3 

11-3 

49-2 

40-3 

40-4 

2Q-A 

110 

60-3 

39-6 

40-7 

213 

10-7 

lO'K 

63  6 

.■J9-7 

40-8 

23-0 

10-7 

55-5 

39-4 

40-7 

21-E 

10-7 

54-8 

40-0 

39-6 

21-t 

10-8 

Average    52*6 
Average    51-7 
(duplicate) 

39'8 
40-0 

39-9 

21-2 
20-7 

1 0-8 
10-6 

Hydrolysis  at  35 
Time         2260 

2940 

1930 

3000 

5700 

107- 

92-7 

86-3 

60-8 

28-6 

108- 

89-7 

86-5 

51-7 

27-8 

109- 

89-1 

88.5 

52-3 

28-5 

lO'K 

110- 

93-3 

87'2 

51-7 

27-6 

112- 

91-4 

84-8 

51-4 

27-4 

111- 

91-1 

88-8 

51-3 

27-3 

(1 17-) 

92-3 

(82-3) 

51-2 

27-4 

Average     1 10- 
AverAge     109. 
(duplicate) 

91-8 
90  9 

87-0 

51-5 
50-B 

27-8 
27-4 

Hydrolysis  at  4S 

Time 

840 

840 

720 

1560 

1560 

248- 

205- 

203- 

113 

61-7 

245- 

204- 

201- 

109 

67-4 

243- 

209- 

203- 

115 

64-2 

lO'K 

240- 

206- 

198- 

114 

64-1 

238- 

205* 

192- 

lie 

64  0 

234- 

201- 

186- 

115 

63*6 

230- 

(192.) 

182- 

113 

83-7 

Average    23  9' 
Average    234' 
(duplicate) 

205- 
201- 

195- 

113 
111 

63-9 
64-1 

*TbU  Joonuil,  xixili,  37. 
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I^iecussion  of  RttuUa. 

Perhaps  tlie  most  noticeable  fact  set  forth  bj'  the  above 
figures  is  the  marked  and  varying  retardation  caused  by  the 
hydroxyl  group  in  esters  of  this  series.  Tlie  irregnlaritj  in 
effect  of  this  group  was  indicated  in  the  previous  experiments 
witit  acetates  and  propionates  and  is  now  definitely  established. 
The  comparison  of  velocities  of  corresponding  nydroxj  and 
unsubstitnted  esters  shows  that  the  hydroxyl  group  may  pro- 
duce effects  varying  in  different  cases"  from  a  slight  accelera- 
tion to  a  considerable  retardation.  Thus  it  seems  to  be  defi- 
nitely proven  that  the  effect  of  the  hydroxy!  group  npon  the 
velocity  of  ester  hydrolytiis  is  not  in  any  sense  an  additive 
property, 

A  second  fact  of  interest  is  that  substituted  and  unsubetituted 
iso-butvrates  decompose  more  slowly  than  the  corresponding 
normaf  esters.  The  difference  here  measured  appears  to  be 
somewhat  greater  than  that  found  by  De  Hemptinne*  between 
the  unsubatituted  esters  but  is  in  the  same  direction. 

The  beta  hydroxy  ester  hydrolyzes  more  slowly  than  the 
alpha,  wiiicli  is  in  accord  with  the  rule  indicated  by  all  pre- 
vious experiinents,+ 

All  the  esters  decompose  more  slowly  than  analogous  ones 
of  the  propionic  and  acetic  series.  Temperature  coefficients 
seem  to  be  rather  irregular,  perhaps  on  account  of  experimental 
error.  There  are  at  least  no  conclosions  to  be  drawn  from 
their  variations. 

ALKAI.INK   HtDROLTSIS. 

In  connection  with  the  experiments  recorded  in  the  first  half 
of  this  paper  it  was  thought  desirable  to  make  measurements 
upon  the  reaction  velocities  of  esters  of  the  above  list  in  alka- 
line solution.  Previous  work*  has  indicated  that  this  velocity 
is  controlled  by  the  strength  of  the  acid  from  which  the  ester 
is  derived  and  by  another  factor  called  steric  inffuence.  I^o 
mathematical  relation  for  the  latter  has  yet  been  worked  oat, 
but  it  seems  to  be  closely  related  to  that  which  controls  the 
velocity  of  acid  hydrolysis.  The  strength  of  the  acid  in  the 
latter  case  lias  at  most  only  a  minor  influence. 

Procedure. 

Part  of  the  measurements  were  made  by  the  use  of  the  titra- 
tion method  which  has  been  carefully  described  in  an  earlier 
paper^  of  this  series.    Experiments  were  also  made  by  a  modi- 

f  This  Joiunki,  xzxiv,  69  ;  zizt,  486. 
tThiBJonnua,  xUT,«05. 
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fication  of  the  conductivity  method  of  Walker*  whicli  haebeen 
employed  in  tlie  experiments  of  Findlay  and  Hiekmansf  on 
the  velocities  of  saponification  of  esters  of  hydroxy  and  alkylozy 
acids.  The  moditication  devised  by  the  author  simply  adapts 
the  excellent  procedure  recommended  by  Walker  to  the  casea 
of  the  somewhat  insoluble  esters  here  examined.  This  proce- 
dure was  in  outline  as  follows: 

Fiftieth  normal  solutionsof  carbonate-free  sodinm  hydroxide 
and  of  ester  were  first  prepared.  The  conductivity  apparatus 
was  of  the  usual  form  with  a  cell  of  the  narrow  Ostwald  type. 
The  constant  temperature  bath  was  a  mixture  of  cracked  ice 
and  water  which  was  vigorously  and  efficiently  af^itated  with  a 
spiral  stirrer  operated  by  an  electric  motor.  The  initial  con- 
ductivity was  obtained  by  measurements  made  on  hundredth 
normal  sodium  hydroxide  solution.  The  cell  was  then  care- 
fully rinsed  and  dried.  For  the  actual  hydrolysis  fifty  cubic 
centimeters  of  the  fiftieth  normal  alkali  solution  were  placed 
in  a  clean  and  dry  Erienmeyer  flask  and  suspended  in  toe  ice 
bath.  The  fiftieth  normal  ester  solution  was  likewise  cooled 
down  to  zero  degrees  in  the  same  bath. 

At  the  proper  time  fifty  cubic  centimeters  of  the  latter  were 
removed  from  its  container  by  means  of  a  pipett«,  run  into  the 
alkali  and  the  mixture  vigorously  shaken  for  a  second  or  two. 
The  time  at  which  the  pipette  was  half  empty  was  recorded  as 
beginning  the  reaction.  As  soon  as  was  convenient  a  portion 
of  the  reaction  mixture  was  transferred  from  the  flask  to  the 
conductivity  cell  and  bridge  readings  were  taken  at  appropriate 
intervals  of  time.  The  flask  containing  the  remainder  of  the 
reacting  mixture  was  tightly  corked  and  warmed  in  a  water 
bath  for  an  honr  or  so  to  bring  the  action  to  completion. 
After  this  it  was  re-cooled  and  measurements  made  upon  por- 
tions of  its  contents  to  obtain  the  final  conductivity.  Calcula- 
tions were  made  in  the  same  way  as  those  of  Walker  except 
that  hisscheme  for  their  simplification  was  not  adopted.  Dur- 
ing all  the  measurements  a  constant  resistance  of  two  hundred 
ohms  was  kept  in  the  box,  thus  eliminating  the  possibility  of 
slight  errors  dae  to  this  sonrce. 

A  trial  experiment  with  ethyl  glycollate  showed  that  the 
results  obtained  checked  almost  exactly  with  those  of  the  titra* 
tion  method.  Measurements  were  made  with  the  esters  of 
alpha  liydroxy-iso-butyric  acid  and  of  beta  hydroxy-butyric 
acid.  The  constants  recorded  for  the  other  three  esters  are 
from  tlie  results  of  titration  experiments. 

In  Table  II  are  values  of  the  constants  obtained  and  the 
time  periods  in  minutes  over  which  the  reactions  were  followed. 
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Ester 
Time 


nriB  at  0'  H/101  NaOH 

Ethyl  Ethjla-      Ethyl  o-     Ethyl  ((- 
Ethyl            Ibo-  Oxy-        Oiy-uo-  Oiy- 

Bntyrate     bntyrat«  bntyrate     butyrate     batyrate 


(■") 


■49 


1-7 


Average -68  -46  6-2  l'«  2-1 

Average -71  -47  6-5  1-7  2-0 

(duplicate) 

Table  III  gives  a  summary  of  resnlta  from  Tables  I  and  II 
and  has  in  addition  some  values  of  affinity  constants  of  acids 
taken  from  tables  of  Landolt,  BOmstein  &  Roth  (fourth  edi- 
tion). Figures  for  ethyl  acetate  and  for  ethyl  propionate  are 
also  tabulated  for  purposes  of  comparison. 

Table  III.    SdhmaKt. 

Temp.        Alkaline 
Acid  hydrolysis  Coefficients      hydrol- 

Ester  ID'S     KfK      I^     '"  ~"      K     (KOkCaff) 

aS"  86°  46°  25''-86''  SeMS'  (0')  (30°) 
Ethyl  butyrate.  52-1  110-  237  209  2-17  -68  149 
Ethyl  iso-outy- 

rate 399     91-4       203        2-31      2-23       -46       1-44 

Ethyl  a-oxy- 

bntyrate 39-8     870       195-       2-18      2-24       62        

Ethyl  oxy-iso- 

butyrate 21-0     51-2       112-       243      2-19       16       10-6 

Ethyl  j8-oxy- 

batyrate 10-7     27-6       64-0       2-57      2-33       2-1 

Ethyl  awtate  . .  647      163       374-       2-51      2-29       1-2       1-8 
Ethyl  propionate  71-6      179       406        2-50      2-26       I'l        1-34 

SUUMAKT. 

I.  When  hydrolyzed  in  acid  solntion  three  hydroxy -bntyrat eg 
Tere  found  to  have  considerably  smaller  velocities  of  reaction 
than  the  esters  of  the  acids  from  which  they  were  derived. 

Am.  Jodb.  Sci.— Fotbtr  Szkub,  Yol.  XXXVII,  No.  320.— Apbil,  1914. 
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II.  Ethyl  ieo-bntyrate  deoomposeB  more  slowly  than  the  ester 
of  the  normal  soia  ;  a  difference  in  the  same  direction  but  of 
greater  magnitnde  occurs  with  the  correspondiog  alpha  hydroxy 
esters. 

III.  Ethyl  beta-hydroxy-butyrate  decomposes  more  slowly  than 
the  alpha  ester. 

IV.  Esters  of  the  butyric  acid  series  appear  in  general  to  de- 
compose more  slowly  than  propionates  and  acetates. 

y.  The  effect  of  the  hydroxyl  group  upon  the  velocity  of  acid 
hydrolysis  is  not  an  additive  property. 

Vl,  The  velocities  of  saponincation,  measured  in  centinormal 
sodium  hydroxide  at  lero  degrees,  vary  in  the  following  order 
with  the  numerical  values  representing  approximate  ratios  : 

Ethyl  alpha  hydroxy-butyrate  {I3'5),  ethyl  beta-hydroxy- 
butyrate  (4*5),  ethyl  alpha-hydroxy-iso-butyrate  (34),  ethyl  buty- 
rate  (rs)  and  ethyl  iso-butyrate  (I'O). 

Tlie  anthor  wishes  to  acknowledge  his  iodebtecliieee  to  Pro- 
fessors W.  A.  Drushel  and  R.  G.  Van  Name  for  the  assistance 
and  advice  they  have  so  kindly  given  during  these  experimeDts. 
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Aet,  XXIX. — On  Solid  Solution  in  Mineral.  V.  The  ho- 
tnorphum  between  CcUeite  and  Dolomite  ;  by  H.  W.  Foote 
and  w".  M,  Bbadlet. 

Solutions  of  liquids  in  liquidB  may,  as  is  well  known,  con- 
venientlj  be  divided  into  two  ctaeaes  depending  on  whether 
there  is  complete  or  incomplete  miscibility  in  all  proportions. 
In  the  same  way,  it  is  convenient  to  distinguish  two  classes  of 
iaoraorphous  mixtures  or  solid  solntions.  In  one  class,  isO' 
morphism  is  complete  and  solid  solutions  in  any  proportions 
are  possible,  while  in  the  other,  each  solid  can  take  up  bnt  a 
limited  amount  of  the  other.  The  alnms  form  solid  solutions 
of  the  first  class,  and  among  minerals,  anorthite  and  albite  are 
similarly  capable  of  mixing  in  all  proportions,  forming  the 
plagioclase  feldspars.  A  large  number  of  salts  form  solid  solu- 
tions of  the  second  class,  each  salt  taking  np  only  a  limited 
amount  of  the  other,  and  among  minerals,  calcite  and  dolomite 
belong  in  this  class.  In  the  present  investigation,  we  have 
endeavored  to  determine,  at  least  approximately,  to  what 
extent  solid  solution  may  take  place  between  these  two 
minerals  as  they  occur  in  nature. 

It  will  be  well  to  consider  first  the  possible  effect  of  tem- 
perature on  the  mixing  limits.  This  influence  has  very  com- 
monly been  disregarded  in  determining  to  what  extent  solid 
solution  may  take  place.  For  instance,  Retgers*  has  deter- 
mined the  mixing  limits  of  a  large  number  of  salts  and  has 
considered  the  results  as  representing  lixed  values  without 
regard  to  temperature.  Van't  Hoff,+  however,  pointed  out 
that  the  mixing  limits  of  solid  solutions,  like  the  composition 
of  partially  miscible  liquids,  should  be  a  function  of  the  tem- 
perature and  this  has  been  demonstrated  experimentally  in  a 
number  of  cases.  The  determination  of  mixing  limits  might, 
therefore,  have  little  significance  unless  the  temperature  were 
known.  However,  if  tlie  solubility  of  one  solid  in  another  is 
slight,  temperature  will  have  bnt  little  influence  on  the  abso- 
lute amount  dissolved  and  the  mixing  limit  should  be  reason- 
ably constant.  This  is  the  case,  as  will  be  seen  below,  with 
calcite  saturated  with  dolomite  (or  magnesium  carbonate). 
When  a  solid  dissolves  a  considerable  quantity  of  another, 
temperature  may  affect  the  limit  largely  and  in  general  a 
greater  absolute  change  would  be  expected  than  where  the 
solubility  is  slight. 

It  is  evident  that  for  a  given  temperature  each  solid 
will  take  up  the  maximum  amount  of  the  other  when  both  are 
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deposited  BimnltaneouBly.  This  U  the  case,  for  instance,  when 
solid  eolutions  crystallize  as  eatectice.  If  dolomite  and  calcite 
conld  be  obtained  which  hod  crystallized  sitnultaneooBly  from 
solution,  this  material  would  therefore  be  ideal  for  determiDiD|r 
the  mixing  limits  of  both  minerals.  A  very  careful  search 
through  the  extensive  Brush  collection  has  shown  no  specimen 
where  tliis  condition  of  afEairs  was  realized,  nor  have  we  been 
able  to  obtain  such  a  specimen  from  other  sources.  This  was 
not  unexpected,  for  it  can  be  shown  that  at  a  given  tempera- 
ture, both  minerals  could  be  deposited  only  when  the  ratio  of 
lime  to  magnesia  in  the  solution  has  one  fixed  value.  On  the 
other  band,  dolomite  or  calcite  alone  could  be  formed  from  an 
infinite  number  of  solntions,  with  varying  proportions  of  lime 
and  magnesia.  Almost  the  only  chance  of  obtaining  sncb 
specimens  appears  to  be  from  the  concentration  of  a  large  quan- 
tity of  solution  containing  salts  of  both  metals,  in  which  case, 
one  mineral  would  first  crystallize  to  be  followed  ultimately 
by  the  crystallization  of  both. 

There  appears  to  be  another  way,  however,  in  which  crystals 
of  one  of  tne  minerals  may  be  obtained  saturated  with  the 
other.  If,  for  instance,  a  solution  capable  of  depositing  dolo- 
mite comes  in  thorough  contact  with  calcite,  the  solution  should 
become  saturated  with  the  latter  and  the  dolomite  resulting 
should  contain  the  maximum  amount  of  calcium  carbonate. 
A  specimen  of  dolomite,  therefore,  deposited  on  calcite,  or  of 
calcite  on  dolomite,  may  usually  be  expected  to  contain  the 
maximum  amount  of  the  other  salt  in  solid  solution.  On  the 
other  Iiaod,  the  calcite  or  dolomite  originally  present  would 
not,  of  necessity,  be  changed  in  composition  to  the  limiting 
Tali>e.  As  will  be  seen  below,  one  specimen  of  calcite  depos- 
ited on  a  dolomite  was  apparently  not  saturated  with  the  latter. 
In  this  case,  the  calcite  crystal  stood  out  from  the  mass  of 
dolomite  and  the  solution  from  which  it  formed  was  probably 
not  saturated  with  the  latter.  In  general,  where  the  secondary 
mineral  crystallizes  in  intimate  contact  with  the  primary  one, 
the  composition  should  approach  closely  to  the  limiting  valne. 

A  nnmber  of  specimens  have  been  obtained  showing  the 
associations  mentioned  above,  where  either  dolomite  or  calcite 
has  been  deposited  on  the  other,  and  in  each  case  the  secondary 
mineral  has  been  analyzed.  In  some  cases,  the  material 
required  for  analysis  was  so  closely  associated  with  the  primary 
mineral  that  separation  by  means  of  heavy  solution  was  neces- 
sary. In  the  case  of  one  dolomite,  No.  Ill,  the  material  was 
put  through  the  heavy  solution  twice  to  remove  particles  of 
calcite  carried  down  in  the  tirst  treatment.  Where  the  specific 
gravity  of  the  samples  is  not  given  in  the  table,  the  material 
was  in  such  good  crystals  that  it  could  be  separated  in  pure 
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condttion  by  careful  picking.  The  analyBos  were  made  by 
the  asnal  methods.  All  the  minerals  dissolved  completely  in 
hydrochloric  acid.  Iron  and  manganese  were  both  precipitated 
by  means  of  bromine  and  ammonia.  Ordinarily,  manganese 
and  iron  were  not  both  present  in  appreciable  amount  and  the 
precipitate,  after  ignition,  was  considered  either  as  Fe,0,  of 
Mn,0^.  In  the  one  case  necessary,  they  were  separated  by  the 
basic  acetate  method.  Calcinm  was  weighed  as  oxide  after  a 
double  precipitation  as  oxalate.  We  were  able  to  confirm  the 
observation  made  by  Gooch  and  Austin*  and  others  that 
magneeia  gives  high  resnltfi  when  precipitated  from  a  cold 
solution  as  ammonium  magnesium  phosphate  in  the  usual  man- 
ner. On  this  account,  the  precipitate,  after  standing,  was 
filtered  and  redissolved  in  hydrochloric  or  nitric  acid.  The 
solution  was  heated  to  boiling,  and  after  adding  a  small 
amount  of  ammoninm  phosphate,  was  again  made  alkaline 
with  ammonia.  The  precipitate  was  allowed  to  stand  until 
cold  before  filtering.  Carbon  dioxide  was  not  determined 
directly. 

Calcite. 
The  specimens  used  for  analysis  were  the  following; 

1.  Small  yellowish  scalenohedrons  of  calcite  deposited  on 
well-cryatallized  dolomite.     Locality  unknown. 

2.  fine  crystals  of  calcite,  slightly  etched,  a  combination  of 
prism  with  rhombohedron,  deposited  on  a  crystalline  layer  of 
dolomite.  This,  in  turn,  was  deposited  on  large  scalenohedrons 
of  calcite.  The  dolomite  of  this  specimen  was  also  analyzed. 
(See  dolomite  No.  III.)    Ouray,  Colorado. 

3.  Small  scalenohedrons  of  calcite  deposited  on  well-crystal- 
lized dolomite.     Joplin,  Missouri  (?). 

4.  Small  etched  scalenohedrons  on  a  crystalline  deposit  of 
dolomite.     Guanajuato,  Mexico. 

5.  A  single  crystal  of  calcite  deposited  on  a  mass  of  well- 
crystallized  dolomite.     Cave  of  the  Winds,  Niagara. 

6.  A  large,  water-clear  crystal  of  calcite,  associated  with  pink 
rhombohedral  dolomite.     Joplin,  Mo. 

The  analyses  are  given  in  Table  I. 

Of  the  six  analyses  of  calcite,  all  but  one  (No.  6)  show  a 
reasonably  constant  amount  of  magnesium  carbonate.  The 
average  amount  in  the  five  analyses  is  0'97  per  cent  and  the 
greatest  deviation  from  this  value  amounts  to  only  0'17  per 
cent.  Coming  as  the  specimens  do,  from  a  number  of  widely 
separated  localities,  and  varying  greatly  in  habit,  it  is  certain 
that  they  were  formed  under  varying  conditions.  The  con- 
clusion appears  justified,  therefore,  that  calcite  is  saturated  by 
•  This  Jonrnal,  vH,  187,  1899. 
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Tabu  I. 
Andlyi*»  of  CaieiU  DtpotUai  on  Dolomite. 

1  8 

Sp.  gr.  2-T13— S-723  Sp.  gr.  ondet. 


MgCO... 
CaCO,  .. 
MnCO... 


1-03  0*J9         0-80         0-80 

99-07         96-71       96-48       96-59 
0-11  2-92         S-94         2-93 


100-26     100-ie     100-Sl        100-42     100-22     100-32 


Sp.  sr.  nndet.  Sp.  gr.  3-741—2-769 

Jopun,  Mo.  I  OooDftjuato,  Heiioo 

a                b        Average  a                b         Aveta^ 

MgCO, 1-03         1-06         1-04  1-07         112          r09^ 

CaCO, 99-26       99'2I       99-23  93-05       93-24       93-15 

MnCO, 0-17         0-18         018  6-80         570         5*75 

100-46     100-45     100-46  9092     100-06       99-9» 


Sp.  ST.  Dndet.  Sp.  gi.  andet. 

Cftve  of  tb«  Winds,  NUgua  Joplin,  Ho. 

a  b         Average 

MgCO, 0-87  0-47         0-42         0-44 

CaCO, 99-38  99-63       99-66       99-65 

MnCO, 0-42  0-22         0-22         0-22 

100-67  100-34     100-29     100  31 

approximately  one  per  cent  of  magnesium  carbonate  at  common 
temperatures  of  crystallization.  As  we  pointed  out  before,  a 
nearly  constant  valne  is  to  be  expected  where  the  amount  of 
material  in  solid  eolation  is  small,  unlesB,  indeed,  the  tempera- 
ture variation  is  ^;reat.  We  knOw  of  no  reliable  data  at  present 
to  show  whether  this  limit  varies  appreciably  with  extreme 
temperature  conditions.  An  examination  of  some  of  the 
magnesian  limestones  would  probably  give  information  on  this 
point.  A  number  of  cases  have  been  reported  in  which  cal- 
cites  contained  more  magnesia  than  has  been  found  by  us,  bnt 
there  is  no  evidence  that  the  material  analyzed  was  homogeneous. 
Thus,  Eisenhntb*  has  analyzed  two  calcites  containing  respec- 
tively 301  and  1*52  per  cent  of  magnesium  carbonate.  Both 
of  his  specimens  contained  insoluble  matter,  showing  the 
material  was  not  quite  homogeneous,  and  it  seems  fully  as 
•Zeitsohr.  Kryst.,  xitv,  582,  1901. 
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probable  that  tliere  may  have  been  a  small  amount  of  admixed 
dolomite  ae  that  the  calcite  itself  contained  this  nnusaal 
amount  of  magnesium  carbonate.  The  niagnesinm  content  of 
our  No.  6  is  lower  than  any  of  the  others.  In  this  case,  the 
calcite  was  probably  unsaturated.  The  crystal  was  a  water- 
clear  specimen  projecting  two  or  three  centimeters  from  a 
mass  of  dolomite  crystals  which  served  as  its  base.  The  asso- 
ciation was  not  an  intimate  one  and  the  solution  depositing 
calcite  had  evidently  not  become  saturated  with  magnesium 
carbonate  from  the  dolomite.  The  analysis  is  not  given  to 
show  the  limiting  value  but  to  show  that  fairlv  intimate  asso- 
ciqtion  of  the  minerals  is  necessary  in  order  that  the  limiting 
value  may  be  reached.  It  is  perhaps  worth  mentioning  here 
that  iron  in  appreciable  qaantities  was  not  found  in  any  calcite 
examined.    No  other  samples  of  calcite  were  analyzed. 

Dolomite, 
The  specimens  of  dolomite  deposited  on  calcite  wore  the 
following : 

I.  A  crystalline  layer  of  dolomite  deposited  on  massive  cal- 
cite.    Guanajuato,  Mexico. 

II.  Small  rhombohedral  crystals  of  dolomite  deposited  as  a 
crust  on  scalenohedrons  of  calcite.     Guanajuato,  Mexico. 

III.  An  occurrence  similar  to  Uiat  of  No,  II,  On  the 
dolomite,  calcite  was  snbsequently  deposited  (see  calcite  No.  2). 
Ouray,  Colorado. 

The  analyses  are  given  in  Table  II. 

Table  II. 
Analy$t»  of  Dolomite  dtpotited  on  Cnlcite. 


Sp.  gr.  3-865— 2-914 
Oaaoajaato,  Mexico 
a  b         Average 


Sp.  gr.  3-891— 8-D07 
Guanajuato,  Mexico 
a  b        Average 


MgCO, 33-53  33-48  3350  31-30  31-45  31-48 

FeCO, 6-14  6-96  6-05  8-43  8-49  8-46 

CaCO, 60-68  6061  60-64  60-67  60-76  60-71 

100-34  100-04  100-19  100-60  100-70  100-65 


Sp.  gr.  2-887—2-860 
Ouray,  Colorado 

ATBrage 

MgCO... 

30-57       30-85 

30-71 

FeCO,  .. 
MnCd. 

3-45          3-40 

3-4]          3-07 

3-43 
3-24 

CaCO... 

63-03       6304 

63-03 

100-46     100-36     100-41 
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The  analyeefl  show  that  all  specirnenB  contained  more  or  lese 
ferrous  carbonate,  and  one,  manganese  carbonate  also.  We 
consider  that  these  components  replace  magnesium  carbonate. 
The  ratios  are  as  follows  : 

I  II  III 

MgCO, -397  -373         '364 

FeCO, -052  '073  030 

MnCO, -028 

CaCO, -606         ■607  -630 

The  ratios  ,i-, — ..— .>'.^^^  calculated  from  these  results  are : 
(Mg,Mn,be)CO, 

I  n  in 

1-349  1-361  1-492 

These  ratios  show  a  somewliat  surprising  excess  of  calcinm 
above  the  dolomite  ratio,  and  the  excess  is  variable.  Since  the 
material  was  homogeneous,  but  deposited  directly  on  calcite, 
we  see  no  reason  why  the  ratios  do  not  represent  approximately 
limiting  values  for  calcinm  carbonate  in  dolomite.  From  the 
fact  that  dolomite  occurs  so  generally  in  the  1:1  ratio.  Ket- 
gers*  assumed  that  this  ratio  could  not  be  much  exceeded,  but 
this  appears  not  to  be  the  case.  The  variable  ratio  is  not 
unexpected  and  should  be  due  in  large  part  to  the  influence  of 
temperature  at  the  time  of  formation.  These  were  all  the 
specimens  analyzed,  in  which  dolomite  was  clearly  the  secondary 
mineral.  One  specimen  was  obtained  in  which  there  was  pri- 
mary formation  of  dolomite  followed  by  the  formation  of  a 
single  large  calcite  crystal,  (See  calcite  anal.  No.  6.)  At>out 
the  base  of  the  calcite,  a  small  quantity  of  dolomite  had  subse- 
qnently  formed.  Both  deposits  were  similar  in  appearance 
and  could  not  be  separated.  A  sample,  chipped  off  near  the 
base  of  the  calcite  crystal  and  containing  some  of  each  deposit, 
gave  the  following  results  on  analysis  : 

Sp.  gr.  2-e34-2-a68 
Joplin,  Ho. 

a                    b  Average 

MgCO, 40-31          40-13  40-22 

FeCO, 1-91            1-93  1-92 

CaCO, 68-19         58-13  58-16 

100-41        100-19       100-30 

The  ratio  ,.,  „  .A-tt-  calculated  from  these  results  is  1-176. 

(MgFe)CO, 

•Loc.  cit.,  vi,  237,  1880. 
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The  proportion  of  calcium  in  this  case  i»  much  larger  than  is 
commonly  fonnd  in  a  dolomite,  bnt  it  cannot  be  regarded  as  a 
limiting  ratio,  as  some  of  the  primarj  dolomite  was  present. 

Our  resnlts  do  not  show  whether  the  effect  of  increased  tem- 
perature will  be  to  increase  or  diminish  the  proportion  of  lime 
at  the  mixing  limit.  In  this  case,  as  in  that  of  calcite,  it  is 
probable  that  the  investigation  of  limestones  containing  mag- 
nesia wonld  give  some  information. 

In  conclusion,  we  wish  to  call  attention  to  the  fact  that  the 
quantitative  isomorphous  relations  between  other  mineral  car- 
bonates are  quite  unknown.  To  what  extent,  for  instance, 
siderite  or  rhodochrosite  can  take  up  calcium  carbonate  has 
not  been  determined.  It  seems  not  unlikely  that  some  of 
these  problems,  at  least,  may  be  settled  by  artificial  prepara- 
tions, and  this  method  would  have  the  very  great  advantage 
of  working  under  known  temperature  conditions. 

Chemical  and  Uineralogioal  Laborstories 

of  the  Sheffield  Scientific  School  of  Tale  Univenity, 
New  Haven,  Conn.,  Feb.,  1814. 


SCIENTIFIC    INTELLIGENCE. 

I.    Chbuibtby  Am)  Pnreics. 

I .  Fused  JUagnetium  Chloruie  tu  a  CrystaUixing  Agent. — K. 
A.  IloPKANK  and  K.  Hoschblb  have  observed  that  magnesium 
obloride  in  the  anhydrous,  fused  condition  ia  an  excellent  solvent 
and  means  of  crystallization  for  many  inorganic  subatances.  The 
salt  mells  at  708°  C,  a  temperature  easily  obtained  by  means  of 
a  good  Bunsen  burner,  to  a  very  mobile  liquid  which  dissolves 
many  metallic  oxides,  and  some  of  these  crystallize  very  well 
apon  cooling  the  solution.  Other  oxides,  and  particularly  sul- 
pnates,  react  with  the  fused  magnesium  chloride  and  yield  vola- 
tile chlorides,  as  for  example  the  chlorides  of  beryllium,  zinc, 
iron  and  tin.  In  other  cases  compounds  of  the  spmel  class  are 
formed  by  the  combination  of  oiides  with  magnesium  oxide.  The 
latter  is  formed  by  the  action  of  the  moisture  of  the  flame  or  the 
oxygen  of  the  air  upon  the  magnesium  chloride.  This  action 
leads  also  to  the  formation  of  large  brilliant  octahedral  crystals 
of  magnesium  oxide  (periclase)  which  often  become  mixed  with 
other  products.  This  decomposition  of  magnesium  chloride  leads 
to  the  corrosion  of  platinum,  cold,  silver  and  copper  vessels  in 
which  the  fusions  are  made.  The  platinum  is  deposited  again  in 
the   form    of    beautiful  hexagonal  crystals,  the  goid  forms   iio- 
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iDetric  crystals,  the  silver  is  deposited  as  crystalline  chloride, 
while  the  copper  gives  red  cirsiaU  of  artificial  caprite,  Cu,0. 
Covered  platinum  veeeels  are  only  slightly  attacked  by  the  fusions, 
and  porcelain  crucibles  resist  the  action  for  many  hours.  Among 
the  compounds  prepared  were  crystallized  magnesioferrite, 
MgFe^j  and  products  intermediate  between  this  and  magnetite, 
FeFe,0„  well  cryslallized  msgnesium  orthoborate,  Mg,B,0„  and 
magnesium  uranate,  Mg,U,0,.  Cerium  dioxide  was  crystallized 
by  aging  the  sulphate  in  the  magnesium  chloride  fusion.  The 
authors  regard  this  as  one  of  the  most  beautiful  sabstances  of 
inorganic  chemistry,  as  it  forms  colorless  cubic  or  octahedral  crys- 
tals which  are  very  hard,  resembling  diamond  in  brilliancy  and 
luster,  and  having  a  refractive  index  above  1*9.  By  the  use  of  a 
small  proportion  of  praseodidymium  salphate  mixed  with  the 
cerium  sulphate,  reddish  yellowto  deep  red  cirstals  were  obtained. 
Zirconium  dioside  also  was  obtained  in  the  form  of  white  tetrag- 
onal crystals.  The  rare  earths,  used  as  sulpbatcs  or  oxides,  gave 
well  crystallized  oxychlorides,  for  instance  ErOCI  was  the  erbium 
coinponnd.  The  authors  have  studied  the  absorption  spectra  of  a 
numoer  of  these  products. — Berichte,  xlvii,  238.  h.  l.  w. 

2.  Carbon  Sulphide- TeUuride  and  Carbon  Sulphide- Selenide, 
— Alfred  Stock,  P.  Pbabtobius,  and  E.  Willfkoth  have  pre- 
pared the  compounds  CliTe  and  CSSe  by  passing  an  electric  arc 
under  cooled  carbon  disulphide  between  a  cathode  of  tellurium  or 
selenium  and  an  anode  of  graphite.  The  tellurium  compound  is 
ve^  unstable  and  difficult  to  purify.  It  is  decomposed  by  light 
and  exists  only  at  low  temperatures.  It  was  purified  by  distilling 
in  a  high  vacuum  at  —35°  C.  and  condensing  at  —80°  C.  At  low 
temperatures  it  is  a  yellowish-red  solid  which  melts  at  — 54°  C. 
to  a  brilliant  red  liquid,  and  this  becomes  blood-red  at  room 
temperature,  then  turns  black  and  soon  decomposes  completely. 
It  has  a  garlic-like  odor.  The  selenium  compound  is  much  more 
stable  than  the  other.  At  room  temperature  it  is  a  liquid  of 
intense  yellow  color.  Its  melting  point  is  — 85°  C.  and  the  boil- 
ing point  84°  C.  It  has  an  irritating  garlic-like  odor.  It  is 
decomposed  by  light  and  by  long  standing  at  room  temperature. 
At  higher  temperatures  it  decomposes  more  rapidly,  forming  car- 
bon disulphide,  carbon  and  selenium.  In  the  study  of  both  the 
tellurium  and  selenium  compounds  careful  search  was  made  for 
the  presence  of  the  possible  compounds  CTe  and  CSe ,  but  no 
evidence  of  their  formation  could  be  found. — BerichU,  xlvii,  131, 
144.  U.  L.  w. 

3.  Double  Bromides  of  Gold. — A.  Gutbier  and  J.  Hubeb 
have  prepared  and  described  about  eighty  double  salts  of  AnBr, 
with  other  bromides,  most  of  which  are  bromides  of  organic  bases 
derived  from  ammonia,  but  they  include  the  potassium,  rubidium 
and  caesium  salts,  KAuBr,,  RbAuBr^  and  CsAuBr,,  the  last  two 
of  which  were  described  in  this  Journal  by  Wells  and  Wheeler 
in  1802.  Examples  of  the  organic  base  compounds  analogous  to 
the  ammonium  salts,  NH,AuBr„  are  the  monomethyl  a 
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salt  (CH.NHJAuBr,,  the  tetra-ethyl  ammonium  salt  {C.HJ.N- 
AuBr,,  eto.  The  authors  have  decided  from  their  experience 
with  a  large  number  of  ealts  that  the  double  gold  bromides  of  the 
organic  bases  are  not  well  suited  for  the  examination  of  such 
bases  on  account  of  their  usual  difficult  crystallization  and  their 
frequent  instability. — ZeilscAr.  anorgan.  Vhem,,  Ixxxvi,  363. 

B.  L.  w. 

4.  The  Oravimetric  Determination  of  Selenium. — JuLins 
Metek  has  shown  that  the  evaporation  of  nitric  acid  solutions  of 
seleniouB  acid  leads  to  the  loss  of  appreciable  amounts  of  the  sub- 
stance, and  that  the  loss  may  be  serious  when  the  dry  residue  is 
heated  for  a  long  time  on  the  water  bath.  Although  several  of 
the  best  authorities  recommend  the  removal  of  nitric  acid  in  the 
course  of  analysis  by  repeated  evaporation  with  strong  hydro- 
chloric acid,  Meyer  has  found  that  this  operation  leads  to  very 
serious  losses  even  in  the  presence  of  potassium  or  sodium  chlor- 
ide. For  instance,  nearly  one-half  of  0-14  g.  of  selenium  was  lost 
by  evaporating  its  nitric  acid  solution  to  dryness  twice  with  con- 
centrated hydrouhloric  acid.  Tbe  author  recommends  the  em- 
ployment of  bydrasine  hydrate  for  tbe  preoipitatton  of  selenium, 
and  be  states  that  the  interfering  effect  of  nitric  acid  may  be 
overcome  by  the  addition  of  ammonia  and  some  hydrochloric 
acid, — Zeitachr.  analyt.  Chem.,  liii,  145,  H.  h.  w. 

5.  Active  Nitrogen. — E.  Tisds  and  E.  Dovcke  maintain  that 
Strutt's  phenomena  attributed  to  active  nitrogen,  which  are  pro- 
duced by  passing  electric  sparks  through  nitrogen  at  low  pres-' 
snres,  do  not  occur  when  pure  nitrogen  is  employed,  and  that 
they  are  due  to  the  presence  of  oxygen  in  the  gas  used.  When 
they  used  pure  nitrogen  prepared  by  heating  barium  or  sodium 
aside  no  luminescence  occurred.  By  the  use  of  hot  metallic  cop- 
per they  were  able  to  purify  commercial  nitrogen  so  that  the 
after-glow  did  not  occur,  but  they  showed  that  the  addition  of 
oxygen  to  the  gas  brought  about  its  appearance.  The  carious 
fact  was  brought  out  that  metallic  copper  will  remove  the  oxygen 
from  its  mixture  with  nitrogen  at  temperatures  between  325°  C. 
and  570°  0.,  but  that  when  the  temperature  is  between  570°  C. 
and  700°  C.  some  oxygen  remains  in  (he  gas,  evidently  on  account 
of  the  dissociation  of  copper  oxide  at  tbe  low  pressures  (2  to 
12""")  employed. — Berichte,  xlvii,  420.  u.  l.  w. 

6.  Rays  of  Poiilive  EUclricUy  and  their  Application  to  Chem- 
ical Analyses;  by  Sir  J.  J.  Thomson.  Pp.  vii,  132,  50  figures 
and  5  plates.  London,  1913  (Longmans,  Green  and  Co.). — This 
book  will  doubtless  be  received  with  enthusiasm  by  most  pbyni- 
cists  because  it  gives  a  consecutive  account  of  the  brilliant  series 
of  researches  on  positive  rays  carried  out  during  the  past  seven 
years  in  the  Cavendish  Laboratory.  Some  idea  of  tbe  scope  of 
the  work  may  bo  formed  from  the  following  list  of  headings  of 
the  sub-divisions  of  the  text.  (The  material  is  not  arranged  in 
numbered  chapters.)  "Rays  of  Positive  Electricity.  Double 
Cathodes.    Rectilinear  Propagation  of  the  Positive  Rays.     Elec- 
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troatatic  Deflection  of  the  Particle.  Effect  at  Very  Low  Pres- 
Bures.  DiMUBsion  of  the  Pbotograpbs.  Negatively  Charged 
Partiolea.  Atoms  Carrying  Two  or  More  Poaitive  Charges. 
Methods  for  Measuring  the  Number  of  the  Positively  Electrified 
Particles.  Retrograde  and  Anode  Rays.  Anode  Bays.  Dop- 
pler  Effect  Shown  by  the  Positive  Rays.  Spectra  Produced  by 
Bombardment  with  Positive  Rays.  Disintegration  of  MetaU 
under  the  Action  of  Positive  Rays.  On  the  Use  of  the  Positive 
Rays  for  Chemical  AnalysiB.  On  the  Natnre  of  X,  the  Substance 
giving  the  '3'  Line.  Evolution  of  Helium  and  Neon."  In  his 
preface  the  author  says; — "I  have  described  at  some  length  the 
application  of  Positive  Rays  to  chemical  analysis;  one  of  the  main 
reasons  for  writing  this  book  was  the  hope  that  it  might  induce 
others,  and  especially  chemists,  to  try  this  method  of  analysis." 
It  will  be  very  surprising  if  this  hope  is  not  vain,  at  least  in  so  far 
as  it  relates  to  chemists,  because  pi-actically  no  data  are  recorded 
which  would  enable  a  beginner  in  the  subject  either  to  order  the 
necessary  apparatus  or  to  apply  the  general  principles  laid  down, 
without  spending  a  very  large  amount  of  time  in  letter  writing 
or  in  performing  preliminary  experiments.  The  proof  seems  to 
have  been  read  hurriedly  since  a  number  of  typographical  errors 
have  been  overlooked  and  since  several  of  the  figures  lack  the 
reference  letters  used  in  the  text.  The  book  will  oe  chiefly  use- 
ful to  those  who  are  already  familiar  with  the  original  articles 
published  in  the  Philosophical  Magazine  and  elsewhere,  and 
who  desire  to  review  the  whole  subject  without  undue  labor. 

H.  s.  u. 
7.  Photo-Eleclricity ;  by  H.  Stanlbt  Allen.  Pp.  i,  231;  35 
figures.  London,  191S  (Longmans,  Green  and  Co.). — "The  present 
book  is  based  on  a  course  of  advanced  lectures  delivered  by  the 
author  at  King's  College,  London,  during  the  Lent  Term  of  1010; 
but  the  greater  part  has  been  entirely  rewritten  so  as  to  incorpo- 
rate the  results  of  the  large  amount  of  research  carried  out  in  the 
three  years  since  these  lectures  were  given."  The  introductory 
chapter,  which  gives  an  outline  of  the  whole  field,  is  followed  by 
chapters  on  the  emission  of  electrons  in  a  vacuum,  on  the  veloc- 
ity of  the  electrons,  and  on  the  photo-electric  current  in  gases  at 
various  pressures  respectively.  After  discussing  photo-electric 
substances  in  the  various  physical  states  the  author  turns  his  atten- 
tion to  the  influence  on  the  photo-electric  discbarge  produced  by 
temperature,  and  by  the  character,  intensity  and  plane  of  polariza- 
tion of  the  exciting  light  The  remaining  chapters  deal  with  the 
theories  of  photo-electric  action,  photo-electric  fatigue,  flnores- 
cence  and  phosphorescence,  and  photo-chemical  actions  and  pho- 
tography. The  volume  ends  with  both  author  and  subject  indices. 
The  text  is  a  valuable  contribution  to  this  branch  of  physics 
because  in  it  are  brought  to<^ether,  in  English,  for  the  first  time, 
the  experimental  results  and  hypotheses  which  are  widely  scat- 
tered in  the  various  scientific  journals.  Furthermore,  the  appear- 
ance of  this  book  is  especially  timely  since  the  most  recent  work 
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of  Hallwachs,  Fredenbagen  and  KUstaer  bids  fair  to  siniplify  and 
perhaps  revolutioniEe  certain  chapters  of  the  subject,  so  that  the 
volume  will  sreatly  facilitate  the  comparison  and  adjustment  of 
the  earlier  and  latest  ideas  and  resnlts.  b.  h.  v. 

8.  An  Introduction  to  the  Mathematical  Theory  of  Attrac- 
tion;  by  Francis  A.  Taklkton.  Vol.  II,  pp.  xi,  207,  London, 
1913  (LoDgmaas,  Green  &  Co.). — In  the  preface  to  the  first 
Tolnme,  which  was  published  about  fourteen  years  ago,  {see  vol. 
viii,  page  88, 1809)  the  aatbor  says  :  "...  I  hope,  at  some  future 
time,  to  make  this  book  more  complete  by  the  addition  of  chap- 
ters dealing  with  Spherical  Harmonics,  Conjugate  Functions,  aud 
the  Theory  of  Magnetism  for  bodies  having  finite  dimensions." 
This  hope  is  fullilled  by  the  present  volume,  which  begins  with 
chapter  eight  and  ends  with  chapter  twelve.  The  original  plan 
has  been  departed  from  in  two  respects,  namely,  the  subject  of 
conjugate  functions  has  been  omitted  and  a  chapter  on  Maxwell's 
theory  of  light  has  heea  added.  The  more  recent  developments 
of  the  electromagnetic  theory  of  light  are  not  touched  upon.  The 
treatment  lays  more  stress  on  the  mathematical  than  on  the 
physical  aspects  of  the  topics  discussed.  The  analysis  would 
have  been  simplified  and  made  more  elegant  and  up-to-date  if  the 
author  had  used  vector  methods  instead  of  scalar  notation.  The 
index  is  immediately  preceded  by  a  "Note  on  Thomson  and 
Dirichlet's  Theorem."  h,  s.  u. 

9.  The  Chemistry  of  the  Eadio-elementa.  Part  II.  The 
Radio-elements  and  the  Periodic  Law ;  by  Fredkiiick  Soddt. 
Pp.  v,  46.  Ijondon,  1914  (Longmans,  Green  and  Co.).— TTiis 
little  book  deals  with  the  following  topics:  The  periodic  table. 
Chemical  and  electro-chemical  advances.  The  connection  between 
the  sequence  of  changes  and  the  chemical  properties  of  the  pro- 
ducts. The  branching  of  the  disintegration  series.  Nature  of 
the  end  products.  Atomic  weight  of  lead.  The  origin  of 
actinium.  The  spectra  of  isotopes.  Neon  and  metaneon. 
Nature  and  properties  of  isotopes.  The  structure  of  atoms. 
Nature  of  the  argon  gases.  The  definitions  of  the  new  words 
"  isotope  "  and  "  isotopic  "  may  merit  quotation.  "...  a  group 
of  two  or  more  elements  occupying  the  same  place  in  the  Periodic 
Table,  and  being  in  consequence  chemically  noti -separable  and 
identical,  will  be  referred  to  as  a  group  of  isotopes,  and,  within 
the  group,  the  separate  members  will  be  referred  to  as  isotopic." 
"Thus  ionium,  thorium,  and  radio-thorium  are  isotopes,  and 
mesothorium  1  is  isotopic  with  radium."  h.  a.  u. 

10.  Modern  Seismoloffy  ;  by  G.  W.  Walker.  Pp.  xii,  88  ;  13 
figures  and  13  plates.  London,  1913  (Longmans,  Green  and  Co.). 
— The  first  five  chapters  of  this  book  relate  to  seismometry  and 
the  remaining  five  to  seismogeo physics.  More  specifically,  the 
first  36  pages  treat  of  the  general  dynamical  theory  of  seismo- 
graphs and  the  installation,  standardization,  sensitiveness,  damp- 
ing, mechanical  and  electromagnetic  registration  of  the  five  chief 
types  of  seismographB  in  actual  use.    The  rest  of  the  text  is 
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devoted  to  the  theory  of  a  solid  isotropic  eartli,  to  the  interpret 
tation  of  seismo^rams,  to  the  determination  of  epicenter  and 
focus,  and  to  statistical  problems.  The  presentation  of  the  subject 
is  clear  and  logical,  the  illustrations  are  well  selected  and  neatly 
reproduced,  and  the  entire  volume  should  be  very  useful,  both  as 
an  introduction  to  this  important  field  of  investigation  and  as  s 
practical  guide  to  the  use  of  BeiHmographs,  A  pocket  on  the 
inside  of  the  back  cover  of  the  book  containH  three  Bpeoimeo 
plates  of  aeismograma  recorded  by  Galitzin  instruments  at 
Eskdalemoir  at  the  times  of  the  Du^anelles  and  Zante  earth- 
quakes.  H.  s.  if. 

11.  AUemating  Currentt  and  Alternating  Cvrrera  Machinery; 
by  Ddoald  C.  Jacksok  and  John  Pbicb  Jackbon.  Pp.  ix,  Sfl8  ; 
526  figures.  New  York,  1913  (The  Macmillan  Co.).— Since  the 
appearance  of  the  first  edition  in  1899  the  subject  has  grown 
rapidly  so  that  the  present  volume  has  been  rewritten  and  greatly 
extended  as  compared  with  the  earlier  edition.  (See  this  Journal, 
vol.  ii,  page  4fiS,  18S6.)  Some  of  the  improvements  of  the  text 
may  be  briefly  stated  as  follows;  More  attention  is  paid  to  the 
transient  state  in  electric  oircnits  than  formerly.  A  considerable 
amount  of  related  matter  has  been  introdnced  in  respect  to  vec- 
tors, complex  quantities  and  Fourier's  series.  The  treatment  of 
power  and  power  factor  has  been  given  great  att«ntion,  and  an 
entire  chapter  is  now  devoted  to  the  hysteresis  and  eddy  current 
losses  which  are  developed  in  the  iron  cores  of  electrical 
machinery.  The  discusBion  of  synchronous  machines  and  of 
asynchronous  motors  and  generators  has  been  amplified  and  made 
more  complete.  Finally,  the  treatment  of  the  self-inductance 
and  mutual-inductance  of  line  circuits  and  skin  effect  in  conduc- 
tors has  been  extended  and  supplemented  by  the  consideration 
of  electrostatic  capacity  of  lines  and  the  influences  of  distributed 
resistance,  inductance,  and  capacity. 

The  manner  of  presentation  is  intended  to  serve  a  twofold  pur- 
pose, namely,  to  fulfil  the  requirements  of  classes  in  engineering 
schools  and  to  serve  as  a  reference  book  for  electrical  engineers. 
Scattered  throughout  the  volume  may  be  found  2ii8  problems  for 
solution  by  the  student,  and  also  a  fairly  large  number  of  foot- 
notes referring  to  other  standard  texts  and  original  journal  articles. 
The  book  under  consideration  is  apparently  the  best  and  most 
up-to-date  on  the  subject  in  the  English  language.  b.  b.  u. 

1 2.  The  mutual  Repulsion  of  rigid  Parallel  Plates  separated 
by  a  Film  of  Air  ;  by  C.  Babus.  (Communicated.) — By  the  ap- 
plication of  displacement  interferometry  to  the  horizontal  pen- 
dulum,* I  find  that  two  parallel  rigid  plates  whose  distance  apart 
is  of  the  order  of  l*""  and  less  repel  each  other  in  air,  with  a  force 
far  in  excessof  their  gravitational  attraction.  This  force  increases 
rapidly  (certainly  as  fast  as  the  inverse  square)  as  the  distance  of 
the  plates  deci'eases  and  vice  versa,  but  can  be  recognized  beyond 
a  millimeter  of  distance.     For  brass  plates  20'^''  in  diameter  and 

*  The  fall  method  will  be  shown  later  In  this  Journal. 
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1"™  apart,  the  repuIaioD  in  question  ie  of  the  order  of  '5  dyne  and 
therefore  equivalent  to  a  pressure  of  'OOIS  dynes/cm  or  roughly 
10~'  atmaspherea.  It  is  in  escess  of  any  electric  repulsion  due  to 
the  absolute  voltaic  potential  of  the  discs.  The  suspended  plate 
reaches  its  position  ot  equilibriam  gradually,  the  motion  progress- 
ing at  a  retarded  rate  through  infinite  time,  in  a  way  obaracter- 
istio  of  the  viscosity  of  the  film  of  air  between  the  plates. 

I  have  estimated  the  intensity  of  the  force  both  from  the 
repulsions  of  a  vertical  plate  suspended  from  the  horizontal 
pendulum  on  opposite  sides  of  a  fixed  parallel  identical  plate  ; 
also  by  ohareing  pairs  ot  plates  to  a  giyen  difference  of  potential 
for  a  given  distance  apart.  So  far  as  can  be  seen,  the  repulsion 
is  caused  by  the  condensation  of  air  on  the  surface  of  the  plates 
by  molecular  and  not  by  gravitational  force  (which  is  too  small). 
Hence,  the  method  employed  should  enable  the  observer  to  find 
the  density  of  the  concentration  in  terms  of  the  distance  from  the 
plate  and  the  law  of  attraction  of  the  plate  in  terms  of  distance, 
within  the  small  distances  in  question.  In  other  words,  a  method 
for  the  direct  investigation  of  molecular  force  is  here  apparently 
given. 

Brown  VnWeTut;,  ProTidenoe,  B.  1.,  Feb.  34. 


n.    Geology  and  Mihbbaloot. 

1.  Third  Annual  Report  of  the  Director  of  the  Bureau  of 
Mine*,  Joseph  A.  Houibb,  for  the  fiscal  year  ended  June  30, 
1918.  Pp.  vii,  118.  Washington.  March,  1914.~The  Bureau  of 
Mines  was  established  by  act  of  Congress  in  1910,  and  began  its 
work  on  July  1st  of  that  year,  taking  over  the  investigations 
tying  in  its  field  which  bad  been  carried  on  previously  oy  the 
U.S.  Geological  Survey.  A  new  act  of  February  26,  191 3,  estab- 
lished a  bureau  of  "UiningiMetallnrgy,  and  Mineral  Technology," 
widening  the  scope  of  the  Bureau  and  enlarging  its  purposes  and 
more  clearly  defining  its  work.  This  enlargement  was  the  grati- 
fying result  of  a  general  demand  throughout  the  country;  but  it 
is  to  be  regretted  that  as  yet  no  direct  provision  has  been  made 
for  carrying  the  larger  plans  into  effect. 

The  record  of  work  accomplished  during  the  three  years  of  the 
existence  of  the  Bureau  is  a  notable  one  and  deserves  fuller  treat- 
ment than  can  be  given  here,  llie  general  subject  of  safety  in 
mining,  particularly  with  reference  to  investigating  the  causes 
and  the  means  of  prevention  of  coal-mine  explosions,  and  the 
safe-guarding  of  the  miners,  was  the  one  to  which  the  energies  of 
the  Bureau  were  fimt  directed,  and  in  which  most  has  been 
accomplished.  Mine-rescue  and  first-aid  work  have  also  been 
pushed  forward  with  vigor,  and  it  is  satisfactory  to  learn  that 
the  percentage  of  deaths  per  thousand  employees  due  to  accidents 
in  the  coal  mines  have  been  reduced  from  488  in  1907  to  3-27  in 
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1S12.  In  connection  with  this  subject,  extensive  ioveatigations 
have  been  carried  on,  both  in  the  physical  and  chemical  line,  of 
eiplosives  ueed  in  raining,  also  of  the  use  of  electricity  and  of 
safety  lamps  in  coal  mines. 

Anolber  important  branch  of  the  Bureau's  work,  prosecuted 
especially  during  its  third  year,  and  to  be  enlarged  in  the  future, 
in  the  prevention  of  economic  waste  iti  mining  in  all  its  branches. 
The  Htatement  is  made  that  a  million  dollars  a  day  is  not  an 
unreasonable  estimate  for  the  waste  now  going  on  in  the  mineral 
resources  of  the  country.  In  raining  and  handling  coal  alone,  it 
is  estimated  that  250,000,000  tons  per  year  represent  the  annual 
loss,  of  which  a  considerable  part  could  be  saved,  were  it  practic- 
able to  carry  through  the  thorough  investigation  of  the  Nubject 
which  ban  beun  definitely  planned.  In  the  oil  and  gas  fields  of 
'  the  country,  the  unnecessary  waste  is  on  a  similar  large  scale 
aggregating  some  t5O,(i0O,000  per  year,  80  per  cent  of  which  is 
believed  to  be  easily  preventable.  Daring  the  current  year  a 
waste  valued  at  some  ilO,OiiO,l)00  in  natural  gas  alone  has  been 
arrested,  but  much  more  could  be  accomplished  in  the  same  line. 
A  sum  of  about  95*25, UOO  is  given  as  an  estimate  of  what  is  needed 
to  carry  forward  some  fourteen  definitely  specified  lines  of 
the  Bureau's  work ;  it  is  much  to  be  hoped  that  the  N^ationat  . 
and  State  governments  may  see  the  importance  of  granting  the 
necessary  support.  During  the  year,  14  bulletins,  25  technical 
papers,  and  3  miners'  circulars  have  been  published,  In  addition 
to  other  reports  ;  a  summary  of  these  is  given  in  the  present 
volume.  A  folded  map  of  the  United  States  shows  the  location  of 
coal  fields,  metalliferous  ore  deposits  and  rescue  cars  and  stations. 
The  increase  in  the  distribution  of  the  Bureau's  publications  from 
110,500  in  1910-11  to  832,000  in  1912-13  gives  an  indication  of 
the  growth  of  the  interest  of  the  public  in  its  work. 

2.  Canada  Department  of  Minet. — Recent  publications  of 
the  Depaitment  of  Mines  of  Canada  are  as  follows  (see  vol  xxsvi, 
p.  79): 

(1)  Geological  Scetey  Branch,  R.  W.  Bbock,  Director. 

Mbuoibs. — No.  23.  Geology  of  the  Coast  and  Islands  between 
the  Strait  of  Georgia  and  Queen  Charlotte  Sound,  B.  O. ;  by  J. 
ACBTBN  Bancbopt.     Pp.  viii,  152;  17  pis.,  5  figs.,  and  a  map. 

No.  29-E.  Oil  and  Gas  Prospects  of  tlie  Northwest  Provinces 
of  Canada;  by  Wtatt  Malcolm.  Pp.  vi,  99;  9  pis.,  3  figa.  aud 
map. 

No.  33.  The  Geology  of  Gowganda  Mining  Division;  by  W. 
H.  Collins.     Pp.  vii,  121 ;  4  pis.,  6  figs.,  1  map. 

No.  37.  Portions  of  Atlin  District,  British  Columbia:  with 
special  reference  to  Lode  Mining;  by  D,  D.  Oaibnbs.  Pp.  iz, 
129;  32  pis.,  5  figs,  and  1  map. 

GutDB  Books. — The  following  useful  guide  books  have  also 
been  issued: 

No.  1.  Excursion  in  Eastern  Quebec  and  the  Maritime  Prov- 
inces. Part  I.  Pp.  1-207.  Part  11.  Pp.  211-407.  Maps  and 
illustrations. 
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No.  2.  Ezcarsions  in  the  Eastern  Townahipe  of  Quebec  and 
the  Eastern  Part  of  Ontario.     Pp.  142;  mapa  and  illuatratioDB. 

No,  3.  EzcureioDS  in  the  Neighbourhood  of  Montreal  and 
Ottawa.     Pp.  182;  maps  and  illuetratione. 

No.  4.  ExcuraionB  in  SonthweBtern  Ontario.  Pp.  143;  maps 
and  illustrations. 

MiNZB  Bbanch. — Eugene  Haanel,  Director. 

Summary  Report  of  the  Mines  Branch  of  the  Department  of 
Mines  for  the  Calendar  Tear  ending  December  31,  1912.  Pp. 
ix,  174;  16  pis.,  1  figure,  3  maps. 

Annual  Report  on  the  Mineral  Production  of  Canada  during 
the  Calendar  Year  1912.  John  McLeibh,  Chief  of  the  Division 
of  Mineral  Resources  and  Statistics.  Pp.  339.  Also  Preliminary 
Report  by  the  same  author  for  1913.  Pp.  21. — The  value  of  the 
mineral  production  in  Canada  rose  to  $136,000,000  in  1912  and 
$144,000,000  in  1913;  these  figures  are  to  be  contrasted  with 
about  $17,000,000  in  1890  and  ««4,400,000  in  1900.  The  chief 
products  in  order  of  value  for  1913  are:  coal,  silver,  pig  iron, 
gold,  copper,  cement;  46  p.  c  of  the  whole  production  belongs  to 
the  metals  and  54  to  non-metallic  products. 

Economic  Minerals  and  Mining  Industry  of  Canada;  by  the 
Staff  of  the  Mines  Branch.  Pp.  77;  19  pis.  and  map  (also  an 
edition  in  Prenob). 

The  Nickel  Industry  with  special  reference  to  the  Sudbnry 
Region,  Ontario;  by  A.  P.  Colkmah.  Pp.  186;  63  pis.,  14  fig8.,\ 
9  maps.     Noticed  on  p.  121,  Jan.,  1914. 

Austin  Brook  Iron-bearing  District,  New  Brnnswick;  by  E. 
LiHDKMAN.     Pp.  15;  3  pis.,  5  figs.,  3  maps. 

Magnetite  occurrences  along  the  Central  Ontario  Railway  ;  by 
E,  LiNDKUAN.     Pp.  23;  9  pis.,  mapa  185-204  in  separate  cover. 

Also  (in  French):  Report  on  the  Tungsten  Minerals  of  Canada; 
by  T.  L.  Walker.     Pp.  56;  9  pis.,  6  figs. 

Report  on  the  Chromic  Iron  Deposits  in  EUwtern  Quebec;  by 
Fritz  Cibkel;  pp.  145,  II  pis.,  15  figs. 

3.  Report  of  Topographic  and  Geologic  Survey  Commuaion 
of  JPennsylvania,  1910-1912.  Pp.  182;  pli.  i-xxi,  figs.  23.  Har- 
risbnrg,  1912. — Under  a  cooperative  agreement  between  the 
Federal  and  State  Surveys,  topographic  and  geologic  survey  work 
in  Pennsylvania  has  been  in  progress  for  several  years.  There 
have  been  issued  137  topographic  sheets,  covering  517  per  cent 
of  the  state;  31  quadrangles  have  been  surveyed  geologically; 
and  five  bulletins  dealing  with  oil,  gas,  paint,  ores,  and  graphite 
have  been  issued.  Included  in  the  report  for  1910-12  are  the 
following  papers:  The  York  Valley  Limestone  by  M.  L.  Jandorf, 
chiefly  economic  (pp.  50-129);  Geological  origin  of  the  Fresh- 
water fauna  of  Pennsylvania,  by  A.  E.  Ortmann  (pp.  130-149); 
and  a  peridotite  dike  in  Fayette  and  Greene  Counties,  by  Lloyd 
B.  Smitn  (pp.  150-155).  The  last  mentioned  paper  gives  addi- 
tional details  regarding  this  interesting  intrusion,  described  in 
1907  by  Ross  and  Kemp.     The  article  by  Ortmann  is  a  valuable 
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phyeiogniphic-bioloeic  study  of  a  problem  of  general  Bcientific 
interest.  The  concTuBioD  is  reached  tbat  the  interior  basin  was 
the  center  of  origia  of  forma  found  both  west  and  east  of  the 
Appalachians  and  that  "the  Atlantic  side  received  its  forms 
secondarily  by  migration  from  the  interior  basin."  a.  e.  a. 

4.  Graphite  DepotiU  of  Penntylvania ;  by  Benjahih  h. 
MiLLEB.  Pp.  147  ;  17  pis.  Topogr,  Geol.  Surv.  Penn.,  Report 
No.  6.  Harrisburg,  1912. — Following  a  discussion  of  the  history, 
properties,  origin,  occurrence,  distribution,  and  uses  of  graphite 
in  general  (pp.  3-66),  Professor  Miller  describes  in  detail  the 
scientific  and  oommeroial  aspects  of  the  individual  mines  in 
Chester,  Berks,  Lehigh,  and  Bnoks  Coantiea.  h.  e.  a. 

b.  Oeotoffical  Survey  of  New  Jersey,  Henrt  B.  Kumhei., 
State  Geologist. — The  New  Jersey  Surrey,  strengthened  by  the 
addition  of  M.  W.  Twitchell,  geologist,  continues  to  render  effi- 
cient service  to  its  state  by  publishing  contributions  of  educa- 
tional and  economic  value.  Refinements  of  topographic  surveys, 
soil  mapping,  ground  water  investigations,  test«  of  road  materials, 
and  arcneological  research,  and  a  apeeial  field  study  of  the  Eocene 
occupied  the  attention  of  the  Survey  staff  during  1912.  The 
report  on  the  Pleistocene  of  southern  New  Jersey,  by  R.  D. 
Salisbury,  is  in  process  of  publication.  Among  the  papers  issued 
during  the  past  year  are:  Bulletins  8  and  9,  noticed  on  p.  78,  voL 
xxxvi;  also  Bulletin  10,  The  mechanical  and  chemical  composi- 
tion of  the  soils  of  the  Sussex  area,  by  A.  W.Blair  and  Henry  Jen- 
ning  (110  pp.);  Bulletin  11,  The  Mineral  Industry  of  New  Jersey 
for  1912,  by  M.  W.  Twitchell.     (43  pp.)  h.  k.  g. 

6.  IT.  S.  Geological  Survey,  Geologic  Atlas  of  the  United 
States,  Niagara  Fblio,  New  York;  by£.  M.  Kindi.e  and  Fbanx 
B.  Tatlor.  1913.  Pp.  28;  5  mapa,  3  plates,  bibi.— The 
Niagara  Folio  has  been  prepared  with  the  care  and  fullness  com- 
mensurate with  the  important  place  which  this  area  occupies  in 
the  geologic  history  of  North  America.  The  geologic  interpreta- 
tion involves  mainly  stratigraphic  and  physiographic  studiea  and 
the  standing  of  the  authors  in  their  respective  fields  insures  ade- 
quate presentation  as  well  as  scientific  accuracy.  The  publication 
of  this  folio  will  relieve  the  geologist  and  iayman  alike  from  the 
necessity  of  examining  the  voluminous  literature  relating  to 
Niagara  which  has  accumulated  daring  a  century  of  study. 

H.  E.  G, 

7.  Union  of  South  Africa,  Nines  Department.  Annual 
R^OTtsfor  1912.  Part  IV,  Geological  Survey.  Pp.  188.  Pis., 
maps,  sections,  1913, — The  Cape  Geological  Commission  has 
become  amalgamated  with  the  Geological  Survey  of  the  Union  of 
South  Africa,  thus  providing  a  larger  force  engaged  in  attacking 
the  problems  presented  by  the  southern  portion  of  the  Continent. 
The  work  of  the  geologists  of  the  separate  surveys, — Kynaston, 
Mellor,  and  Hall  in  the  Transvaal ;  Humphrey  in  Natal  ;  Rogers 
and  DuToit  in  the  Cape  Province,  has  furnished  solutions  for 
many  problems  in  stratigraphy,  atructure  and  economic  geology  ; 
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aod  by  means  of  reoonnaissance  has  outlined  tfae  work  remainiDr 
to  be  done.  The  Cape  Commission,  in  particular,  has  maintained 
a  high  standard,  deliberatelj  concentrating  its  efforts  "  on  the 
scienti6c  elucidation  of  the  geology  of  the  Cape  province  without 
allowing  itself  to  be  drawn  away  into  economic  questions."  With 
the  Director's  report  for  1912  are  published  the  followinc;  papers; 
The  Geology  of  the  Western  Wuwatersrand,  by  E.  1.  Mellor, 
np.  2B-66 ;  The  Geology  of  a  Portion  of  the  Marioo  and  Rusten- 
Durg  Districts,  North  of  the  Dwarsberg,  by  H  Kynaston,  pp. 
67-80;  The  Geology  of  the  Country  between  Middelbnrg  and 
Belfast,  by  A.  L,  Hall;  The  Geology  of  a  Portion  of  Northern 
Naul  between  Vryheid  and  the  Pongola  River,  by  W.  A.  Hum- 
phrey, pp.  99-124;  Report  on  a  Portion  of  Namaqualand,  by 
A.  W.  Rogers,  pp.  126-152;  The  Geology  of  Poudotand,  by  A. 
L.  duToit,  pp.  163-ieo.  B.  B.  o. 

8.  IttUr-StaU  Conference  on  Artesian  Water.  Report  of 
Proeetdinga.  Sydney,  1912.  Pp.  xvi,68  ;  40  maps  and  plates. — 
An  admirable  method  of  attacking  the  problem  of  water  supply 
for  a  large  area  is  indicated  by  the  organization  of  the  Interstate 
Conference  of  Australia.  Representatives  from  New  South 
Wales,  Queensland,  West  Australia,  and  Victoria  took  aotive 
part  in  the  discussions  which  were  grouped  under  the  following 
heads:  Definition  of  terms.  Origin  of  artesian  water,  Ontlets^to 
the  Great  Australian  artesian  basin,  Delimitation  of  the  artesian 
basin,  Hydrographio  survey,  Annual  record  of  water  drawn  from 
arteuan  basins,  Collection  and  Classification  of  Roeks  obtained 
in  boring.  Uniform  system  of  casing.  Analyses  of  artesian  waters. 
Decrease  in  flow  of  artesian  bores,  tltilization  of  artesian  water, 
Corrosion  of  casing.  Uniform  legislation. 

Tfae  statistics  compiled  and  the  reports  prepared  as  a  result  of 
this  conference,  and  published  as  Appendices  A-Z^,  present  in 
detail  the  present  status  of  water  development  in  Australia. 
Among  the  contributions  of  more  than  local  value  are  the 
analyses  of  45U  well  waters  from  New  South  Wales,  by  John  C. 
H.  Mingaye  and  others,  and  The  Artesian  Water  Resources  of 
Western  Australia  by  A.  Gibb  Maitland,  including  analyses  and 
many  geologic  sections,  A  majority  of  the  wellbores  listed  are 
between  1000  and  2000  feet  in  depth;  many  are  over  3000  feet 
deep,  and  22  (5  iu  New  South  Wales,  2  in  the  Great  Australian 
Basin  and  Ifi  in  Queensland)  exceed  4000  feet  in  depth.  The 
maximum  depth  noted  is  5,045. 

The  40  maps,  sections,  and  plates  which  constitute  the  second 
volume  of  the  report  furnish  an  atlas  of  value  for  geologists, 
geographers,  and  engineers.  r.  b.  g. 

9.  The  Ocean:  A  General  Account  of  the  Science  of  the  Hea  ; 
by  Sib   JohnMubbay.     Pp.266;   pis.  i-jcu.     New  York,  1913 

irlome  University  Library  of  Modem  Knowledge,  No.  76. 
lenry  Holt  &  Company). — "  The  Ocean  "  should  appeal  to  that 
large  body  of  men  of  scientific  interests  who  find  little  published 
material  which  is  free  from  the  limitations  of  exhaustive  treatises 
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on  the  one  band,  and  «f  dogmatic  textbook  Btatementa  on  the 
other.  The  extended  experience  of  Sir  John  Murray,  natnraliit 
of  the  "Challenger"  Expedition  (1872-76),  and  of  the  "Michael 
Sars"  Expedition  (1910),  commands  in tereat  in  any  publication 
which  comes  from  his  pen.  While  the  book  under  review  reveali 
the  author's  well-known  scientific  demand  for  accuracy  and 
inclndes  recent  data  and  results  of  investigations,  it  is  delightfal 
reading  for  those  who  are  laymen  ^n  oceanographic  research. 
The  scope  of  the  book  is  indicated  by  the  following  chapter  head- 
ings: Historical  notes;  methods  and  inetmments  of  deep-sea 
research;  the  depth  of  the  ocean;  the  waters  of  the  ocean: 
salinity,  gases;  the  waters  of  the  ocean,  temperature;  the  waters 
of  the  ocean:  compressibility,  pressure,  color,  viscosity,  penetra- 
tion of  tight,  tides,  waves,  seiches;  oceanic  circulation;  life  in  the 
ocean;  pfante;  life  in  the  ocean:  animals;  marine  deposits;  the 
geospheres.  The  oceanographic  maps  (Fls.  II-TI  and  XI)  of 
deeps,  salinity,  sorface  temperature,  currents,  density  and  deposits, 
and  plates  of  deep  sea  organisms,  constitute  a  valuable  feature  of 
the  work.  h.  b.  g. 

10.  Deeeriptiona  of  Zand :  A  Text-bookfor  Survey  StudenU  ; 
\>y  R.  W.  Cautley.  Pp.  ix,  89.  New  York,  1913  (The  Mac- 
millan  Companv). — A  land  surveyor  or  geologist  working  in 
Canada  will  find  Mr.  Cautley's  text  of  direct  value.  It  is  a  com- 
mon sense  guide  to  a  higher  standard  of  accuracy  in  the  descrip- 
tion of  public  land.  h.  b.  o. 

11.  Interpretation  of  AnomalUa  of  6ravit}f,  by  GbovbEarl 
Gilbert.  Part  C  of  Professional  Paper  85,  TT.  S.  Geolosical 
Survey,  pp.  29-37,  1913. — Hayford  and  Bowie  in  their  work  on 
gravity  anomalies  assumed  in  their  compatations  that  isostatic 
compensation  was  uniform  and  distributed  everywhere  to  a 
uniform  depth.  Furthermore,  that  every  topographic  feature 
was  compensated  for  by  a  corresponding  variation  in  density. 
Having  computed  the  value  of  gravity  for  each  station  on  these 
assumptions,  the  differences  between  the  observed  and  compated 
value  gave  the  gravity  anomaly.  This  they  interpret  as  measur- 
ing the  degree  of  imperfection  of  isostatic  adjustment.  Gilbert 
shows,  however,  that  isostatic  compensation  could  be  perfect  at 
the  bottom  of  a  zone  of  compensation  and  yet  moderate  vertical 
heterogeneities  of  density  could  give  rise  to  anomalies  as  great 
as  those  actually  observed.  Thus  the  mere  existence  of  anomalies 
does  not  prove  departure  from  equilibrium.  Variation  in  the 
depth  of  compensation  could  also  give  rise  to  anomalies.  Still 
further,  variations  in  deusity  below  the  zone  of  compensation, 
the  results  of  nucleal  heterogeneity,  would  also  give  anomalies  at 
the  surface.  Thus  the  latter  cannot  be  used  as  measures  of 
departures  from  isostatic  adjustment  until  all  these  other  factors 
are  evaluated.  Gilbert  has  thus  opened  up  a  new  aspect  of  the 
discussion  of  the  problem  of  equilibrium    in  the  earth's   crust. 

12.  TAe  Mud  Lumps  at  the  Moutha  of  the  Mittiaeippi,  by 
EuGENB  Wkslbt  Shaw.  Pp.  10-27;  figs.  6,plB.iii,  1913.  Part  B  of 


DcillizedoyGOOJ^IC 


Geology  and  Mineralogy.  361 

Professional  Paper  86.  CoDtribntions  to  Qeneral  Geology,  U.  S. 
Geological  Survey. — This  paper  records  many  facta  ia  regard  to 
the  mud  lumps,  those  temporary  islands  of  mud  which  swell  np 
£ront  the  bottom  of  the  mouths  of  the  Mississippi.  It  is  shown  in 
this  paper  that  tbey  are  especially  common  near  the  mouths  of 
the  passes,  where  the  front  of  the  delta  is  relatively  steep.  They 
are  found  to  be  thick  masses  of  clay,  ascribed  by  Shaw  to  the 
squeezing  out  of  clay  layers  farther  inland  owing  to  the  greater 
pressure  aboye  in  that  region.  From  the  geologic  standpoint 
they  are  therefore  noteworthy  in  showins  under  special  conditions 
the  capacity  of  clay  sediments  for  lateral  flow.  j.  n. 

13,  La  Face  de  la  Terre  [Das  Antlitz  tier  Erde),  par  Ed. 
SuBBS ;  traduit  avec  rautorisation  de  Tantenr  et  annot^  sous  ta 
direction  de  Ehmanuei.  de  Maroebib.  Vol.  Ill,  Part  III.  Pp. 
xi,  BS7  to  1350,  with  one  colored  map,  2  plates,  and  92  figDres. 
Paris,  191S  {Librairie  Armand  Colin). — Eighty  of  the  ^ures 
have  been  drawn  especially  for  this  French  edition  and  constitat« 
a  most  valuable  addition  to  the  volume.  In  the  original  work, 
the  absence  of  good  maps  either  left  the  reader  with  vague  men- 
tal pictures  of  the  regions  described  or  required  bim  to  make  use 
of  a  good  geological  library  to  supplement  the  text.  The  illus- 
trations of  the  present  volume,  furthermore,  are  up  to  date,  and 
excellently  drawn.  This  comprehensive  work  thus  is  kept  in  the 
front  rank  of  manuals  of  geology.  The  present  volume  treats  of 
the  structare  of  part  of  Africa,  of  the  island  chains  off  the  coast 
of  Asia,  the  Polynesian  chains,  and    the  American   Cordillera. 

J.  B. 

14.  Water  and  Vblanio  Actioity,  by  Abthub  L.  Day  and  E. 
S.  Shepherd.  Bulletin  of  Geological  Society  of  America,  vol. 
xxiv,  pp.  573-006,  pis.  17-27,  1913. — In  the  past  few  years  the 
problem  of  the  nature  of  volcanic  emanations  has  attracted  much 
attention.  Brun  especially  has  argued  sweepingly  that,  contra^ 
to  older  view§,  water  was  practically  absent  and  that  the  clou^ 
issuing  from  the  volcano  consisted  chiefly  of  chlorine  and  sulphur 
gases.  The  numerous  subsidiary  problems  affected  by  this  con- 
elnsioo  makes  its  yenfivatioQ  or  refutation  of  high' importance. 
The  present  paper  gives  the  evidence  from  Kilauea.  A  prelimin- 
ary discussion  of  the  arguments  of  Brun  suggests  that  they  are 
really  not  conclusive,  but  the  final  test  was  made  by  collecting 
gases  issuing  from  the  molten  lava.  Water  instead  of  being 
absent  was  so  abundant  that  it  condensed  in  quantity  iu  the  col- 
lecting apparatus.  Next  in  importance  came  CO  and  N,.  Oconr- 
ring  in  lesser  proportion  were  found  CO,  H„  and  SO,.  j.  b. 

16.  Zeitschrift  filr  VuVcanologie,  Herausgeber  Imhanuel 
Fbiedlaekdeb,  Naples.  Band  I,  Heft  1,  January,  1914. — This 
new  journal,  as  its  name  implies,  is  planned  as  a  medium  for  the 
publication  of  the  literature  of  vulcanology.  In  this  issue  are 
original  articles  by  Brun,  Ponte,  Perret,  and  Friedlaender.  It 
should  aid  in  the  progress  of  vulcanology  by  stimulating  study 
and  centralising  the  literature  into  a  recognized  special  publica- 
tion. J.  B. 
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16,  Igruoue  Rocks  and  t/teir  Origin/  by  R.  A.  Dalt.  Pp. 
663,  8°  ;  206  figs.  New  York,  1914  (McGraw  Hill  Book  Co.).— 
This  work  contains  in  somewhat  changed  and  revised  form  the 
matter  published  by  the  author  in  previoos  years  on  various 
phases  of  petrology  and  igneous  geology,  such  as  the  mechsDica 
of  isneouB  intrusion,  the  secondary  origin  of   certain  granites, 

usification  of   igneoas  intrusive  bodies,  origin  of  the  alkaline 


olassification  of  igneoas  intrusive  bodies,  origin  c 
rocks,  average  composition  of  rock  types,  origin  of  augite  aode- 
sites,  differentiation  by  ^ravitative  adjastment,  abyssu  igneous 
injection,  etc,  together  with  the  theoretical  portion  of  the  report 
on  the  (jeology  of  the  North  American  Cordillera  at  the  Forty- 
Ninth  Parallel.  To  this  material,  which  contains  the  views  of 
Professor  Dal^  on  various  problems  which  igneous  rocks  present, 
and  with  which  petrologists  are  familiar,  much  new  matter  has 
been  added  and  the  whole  worked  over  to  present  in  consistent 
and  systematic  manner  a  treatise  upon  the  origin,  emplacement, 
classification,  and  other  varied  relations  of  igneous  rooks.  It 
would  be  impossible  in  the  limits  which  necessity  imposes  on  this 
notice  to  present  an  adequate  review  of  the  work,  but  an  ides  of 
the  mode  of  treatment  of  the  subject  may  be  ^ined  by  a  state- 
ment of  the  chapter  headings  and  the  matter  included  in  them. 
The  author  begins  with  a  brief  discussion  of  classification  and 
the  reasons  for  adopting  the  system  of  Rosenbusch,  according  to 
which  the  rocks  are  grouped  into  genetic  clans.  Then  follows  a 
study  of  the  general  distribution  and  relative  quantities  of  the 
igneous  rock  species,  and  as  a  general  result  the  writer  finds  that 
quantitatively  the  rocks  belong  chiefly  in  two  clans,  the  granite 
and  gabbro;  the  first  among  the  visible  rocks  is  mainly  intrusive, 
the  latter  essentially  extrusive  (basalt).  The  dionte  dan  is  also 
essentially  extrusive  (andesite),  while  the  visible  alkaline  rocks 
(including  the  syeuite  and  monzonite  dans)  have  a  volume  less 
than  one  per  cent  of  that  of  the  subalkaline  ones.  These  facte 
are  considered  to  be  of  fundamental  importance.  After  a  brief 
discussion  showing  that  qualitatively  all  the  important  dans  are 
found  in  the  different  grand  divisions  of  geologic  time,  attention 
is  called  to  the  persistence  of  the  gabbro  type,  a  prominent  fact. 
Then  follows  a  classification  of  intrusive  bodies:  first  those  pro- 
duced by  simple  injection,  such  as  laccoliths,  and  then  those 
formed  by  replacement,  like  batholiths,  followed  by  a  chapter  on 
extrusive  masses,  one  type  of  which,  it  is  suggested,  may  be  the 
exposed  portions  of  batholiths. 

Part  two  of  the  book  outlines  a  general  theory  for  igneous 
rooks,  beginning  with  a  discussion  of  the  composition  of  the 
earth  in  which  an  upper  outer  granitic  shell  resting  on  a  lower 
basaltic  one  is  assumed.  Then  follow  chapters  sketching  th« 
processes  of  abyssal  injection  of  the  lower  basalt  into  the  gran- 
itic shell.  The  method  of  intrusion  by  magmatic  stoping  il 
fully  treated,  which  process  involves  the  assimilation  of  the 
engulfed  material  and  leads  to  the  belief  of  the  secondary  origin 
of  much  rock-magma.    The  theoretioat  side  of  magmatic  assimi- 
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latioD  in  its  varied  phasee  in  tbeo  treated,  and  this  leada  to  the 
subject  of  differentiation.  Magmas  formed  \>y  assimilation  (syn- 
tectica)  may  be  split  or  differentiate  and  thus  give  rise  to 
various  types  of  igneous  rocks.  The  process  as  it  occurs  in  masses 
of  various  modes  of  occurrence  is  described,  and  is  followed  by 
a  discussion  of  the  theory  of  volcanic  action  in  the  central  vents. 
The  next  chapter  summarizes  the  author's  general  theory  as  to 
the  origin  of  igneoas  rocks  which  is  called  the  "  eclectic "  one, 
since  it  includes  the  ideas  of  many  other  petrologists.  In  a 
general  way  it  is  somewhat  similar  to  the  one  propounded  by 
Loe  win  son -Leasing,  but  differs  in  some  important  respects.  The 
author  then  states  a  provisional  genetic  classification  of  magmas 
derived  from  considerations  previously  stated. 

The  last  part  of  the  work  is  devoted  to  a  discussion  of  the  dif- 
ferent rock  olana,  of  their  relations,  occurrences,  and  genetic 
derivation,  and  the  work  closes  with  several  appendices  giving 
the  data  upon  which  a  number  of  conclusions  have  been  reached. 
The  work  is  clearly  written  and  amply  illustrated,  and  shows  the 
evidence  of  a  great  amount  of  work  in  the  examination  of  the 
literature  and  collating  of  material,  and  in  field  studies.  Whether 
he  may  agree  with  ^1  of  the  views  here  set  forth  by  Professor 
Daly,  or  not,  it  is  a  work  which  should  be  read  by  every  petrolo- 
gist,  as  his  interest  in  this  subject  cannot  fail  to  be  stimulated  by 
the  broad  treatment  of  the  subject  matter  and  the  enthusiasm  for 
bis  ideas  which  is  everywhere  evinced  by  the  author.      l.  v.  V. 

17.  Sergalite. — A  new  variety  of  the  basaltic  rocks  carrying 
melilite,  from  the  Kaiserstuhl  in  Baden.  This  group  of  much  dis- 
sected volcanoes  consists  of  various  alkalic  types  of  magmas  in 
flowa,  dikes,  etc.  The  present  rock  occurs  in  a  few  am^l  dikes, 
and  when  unaltered  has  a  black  somewhat  pitchy  appearance. 
In  thin  section  it  is  seen  to  consist  of  phenocrysts  of  haflynite, 
apatite,  perofskite,  melilite,  and  magnetite,  in  a  groundmass  of 
melilite,  haflynite,  nephelite,  biotite,  perofskite,  magnetite,  and 
brown  gl^s.  Carbonates  and  zeolites  are  present  from  altera- 
tion. The  melilites  afford  excellent  material  for  the  study  of 
thia  mineral,  especially  the  pe^-stnicture,  and  the  author  con- 
cludes that  this  is  not  due  to  mcluaions  of  glass,  or  other  sub- 
stances, but  is  a  process  of  alteration  into  another  mineral,  to 
which  the  name  of  Bkeckeitb  is  given.  It  was  found  that  the 
peg  substance  was  insoluble  in  strong  hydrochloric  acid  which 
permitted  sn£Scient  material  for  an  analysis  to  be  obtained  on 
dissolving  the  other  constituents.  From  the  analysis  the  formula 
(HKNa),(MgC8){AlFe),(Si,0,),  +  9H,0  was  derived,  which  sug- 
gests that  it  is  a  zeolite  near  ptilolite  and  mordenite  in  compo- 
sition. 

The  analysis  of  the  rock  shows  it  to  he  of  a  very  basic  nature, 
as  follows: 
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The  rest  incluclee  TiO,  1-36;  MnO  -40;  P,0,  -68;  SO.  -flfl;  C!  88. 
The  rook  is  evidently  closely  related  to  alaOite,  bat  differe  in  the 
lack  of  pyroxene  and  olivine.— •/!  SoeUner,  Mitt.  d.  Q.  Sad. 
Geol.  LtManit.,  vii,  p,  416,  1919.  l.  t.  p. 

18.  Sri^  notice*  of  »ome  rectnUy  described  Minerals. — Mau- 
CHKBITB  is  a  nickel  anenide  from  Eisleben,  Tfauringla,  Germanv; 
it  vas  deeoribed  (1913)  by  F,  GrQnling  and  named  after  the  dis- 
coverer, W.  Maaober.  AsRooiated  minerals  are  nicoolite,  obloan- 
thite,  bismuth,  mangaoite,  calcite,  barite,  etc.  It  occura  in 
masses  having  a  compact  or  indistinct  fibrous  structure,  and  red- 
dish silver-white  color ;  also  in  reotangnlar  tabular  crystals. 
Hardness  5;  specific  gravity  T-83.  An  analysis  by  Prandtl  gave: 
As43'67,  8  017,  Ni  62-71,  Co  215,  Pb  0-20,  Fe  0-40,  gangne 
0-40  =  89-70.  This  yields  the  formula  (Ni.Co)  As,.—  CentralilaU 
Min.,  p.  225,  1913.  A  later  investigation  by  A.  Kosati  has 
proved  that  the  crystals  are  tetragonal  and  that  the  suhstauoe  is 
identical  in  composition  with  the  artificial  furnace  product  called 
"nickelspeise"  (placodin  of  Breithaupt), — Zs.  Kryst.,  liii,  389, 
1914. 

HoDOSimoNiTB  is  a  new  zino-man^nese  silicate  from  Frank- 
lin Furnace,  N.  J.,  described  by  C.  Palache  and  W.  T.  Schaller. 
It  occurs  in  seams  in  a  granular  mixture  of  willemite  and  frank- 
linite.  Crystals  are  rare;  these  are  monoclinio  in  form  with  per- 
fect basal  cleavage.  The  hardness  is  about  6  ;  specific  gravity 
S'9]  ;  color  from  bright  pink  to  pale  reddish  brown.  An  analysis 
(Sohaller)  gave : 

SiO,  HnO  ZnO         CaO         MgO       H,0  (above  11Q*> 

lS-86         eO'SS         63-98        098         004        5-77  =  lOOM 

The  formula  deduced  is  Mn(ZnOH),SiO,.— ./"oiima/  Wueh.  Acad. 
Sci.,  iii,  474, 1918. 

YuKONiTE  is  a  new  hydrous  iron-calcium  arsenate  from  Tagiab 
Lake,  Yukon,  Canada  ;  it  is  described  by  J.  B.  Tyrrell  and  R.  P. 
D.  Graham.  It  occurs  in  black  or  brownish  black  irregular  con- 
cretionary masses  in  a  quartz  vein  with  galena  and  other  salphidex. 
Structure  amorphous;  brittle  with  conchoidal  fracture;  hardness 
2-3;  specific  gravity  2-66  becoming  S'86  after  being  long  im- 
mersed. The  mineral  files  to  pieces  in  water  with  a  crackling 
sound  and  the  disengagement  of  gas  (chiefiy  CO,).  Two  analyses 
(Graham)  gave: 

As,0>  Fe,0,  CaO  H,0 

S4'0«  8S'72  10-00  20'2B 

83-83  88-81  1014  20-38 

The  calculated  formula  is  2Ca,A8,0,.3Fe^As,0 .6Fe,(0U),. 
2SE,0.  It  is  somewhat  related  to  arseniosidente  and  mazapilite. 
— 7Va)it.  Roy.  Soc.  Canada,  vii,  section  iv,  1913. 

EpiD£suiifE,  described  by  Rosick^  and  Thugutt,  is  a  new  zeo- 
ite  occurring  in  minute  colorless  to  pale  yellow  crystals  from 
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Schwarzenberg  in  the   Erzgebirge.    An    analjais   (ep.  grav.  =: 
2'I52)  gave  (freed  from  impurities): 

SiO,        A1.0.      CbO       MgO      K,0       Nb,0       H.O 
65-02       18-00       7-S8       0-08       0-87       0-68       lB-69  =  BB-80 
—  GentraOtlaU  Mm.,  1913,  p.  422. 

KoBAi.TNicKBLPTBiTE  IB  a  member  of  the  pyrite  group  having 
the  formula  (CoiFejNijS,.  It  is  described  by  M.  Heoglein  from 
the  well-known  locality  at  MQsen.  It  shows  the  pyritohedral 
form  (320)  with  the  cube  and  octahedron.  It  has  a  steel-gray 
color;  hardness  5-55;  speoific  gravity  4-73.  An  analysis  gave; 
S  53-70,  Fe  21-16,  Ni  17-50,  Co  [6-61],  insol.  104  =  100.— Ce«- 
tr&tbiatt  Min.,  1914,  129. 

A  supposed  new  vanadate  from  the  copper  mines  near  Ozieri, 
Sassari,  Italy,  is  described  by  D.  Lovisato.  It  occurs  in  minute 
black  crystals  resembling  descloizite  and  according  to  an  analysis 
by  S.  Mania  containx  : 

V,0.       P,0.       PbO       ZnO        CnO       Fe,0,      MnO       H.O 
10'87        0-18        5376        2'4S        18-13         6'54        0-00         3-45  =  ft»'48 
No  name  is  suggested  and  the  material  evidently  merits  further 
investigation. — R.  Acead.  Lino.,  zix,  S,  p.  836  in  Zs.  Kr.,  lii,  31 1. 


III.    Miscellaneous  Scientifio  Intelligekoe. 

1.  Carnegie  Institution  of  Waahington,  Robert  S.  Wood- 
ward, President.  Tear  Book  Ifo.  IS,  191S.  Pp.  xvi,  336,  with 
13  plates.  Washington,  I9I4, — The  magnitude  of  the  work  of 
the  Carnegie  Institution  is  well  shown  by  the  fact  that  its  total 
invested  funds  now  amount  to  very  nearly  $23,000,000,  to  which 
mast  be  added  real  estate,  equipments,  and  publications  of 
12,000,000,  with  cnrrent  assets  of  1624,000  or  about  $35,500,000 
in  all.  The  receipts  for  the  year  ending  October  31st  amounted 
to  tl, 600,000,  of  which  tl, 150,000  represents  the  income  proper. 
The  expenditure  for  the  same  period  upon  the  ten  large  depart- 
ments, to  the  support  of  which  the  Institution  is  committed, 
amounted  to  $700,000,  while  minor  and  special  projects  and 
research  assistants  received  tl  10,000;  in  addition,  (53,000  was 
paid  out  for  publications,  |43,S50  for  administration,  aud  the 
balance  of  the  total  of  $1,572,000  went  into  investments  and  on 
account  of  the  Administration  Building. 

In  the  review  of  the  work  of  the  year.  Dr.  Woodward  calls 
attention  with  satisfaction  to  the  increased  recognition  which  the 
work  of  the  Institution  as  a  whole  has  received,  and  the  greater 
interest  manifested  throughout  the  world  in  the  details  of  its 
organisation  and  equipment.  It  is  noted  that  a  department  of 
Human  Embryology,  under  the  direction  of  Professor  Franklin 
P.  Mall,  has  been  planned  and  has  already  began  active  research. 
In  the  department  of  Experimental  Evolution,  two  new  buildings 
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have  been  added,  one  a  heating  and  lighting  plant,  the  other  an 
additional  laboratory.  An  office  and  laboratory  bnilding  is  aUo 
Hearing  completion  for  the  department  of  Terrestrial  Magnetism ; 
this  is  situated  near  Chevy  Chase,  and  in  addition  to  other  ases 
will  give  opportunity  for  experimental  researches  in  terrestrial 
inagnetiBm.  The  non-magnetic  ship  Carnegie  has  now  nearly 
completed  a  circnmnavigation  voyage  of  three  and  a  half  years 
duration  and  aggregating  about  92,000  miles.  A  fire-proof  office 
building  has  also  been  constructed  at  Pasadena  for  the  staff  of 
the  Solar  Observatory.  Dr.  Woodward  speaks  feelingly  and  in 
detail  of  the  invaluanle  services  rendered  to  the  Institution  by 
the  late  Dr.  John  S.  Billings. 

The  President  gives  further  a  summary  of  the  work  accom- 
plished by  each  of  the  separate  departments.  This  ia  supple- 
mented by  detailed  reports  from  the  directors  of  the  departments 
and  the  recipients  of  grants  for  special  investigations.  These 
reports  fill  the  greatest  part  of  the  volume  (pp.  56-332)  and  con- 
tain much  interesting  information  as  to  the  work  done,  for 
example,  in  botany  at  Tucson.  Arizona;  in  experimental  evoln- 
tion  at  Cold  Spring  Harbor,  L.  I. ;  in  marine  biology  at  Tortngas, 
Florida  ;  in  the  Geophysical  Laboratory  at  Washington  ;  the  Alt. 
Wilson  Solar  Observatory  near  Pasadena,  etc.  The  publications 
of  the  year  inolade  29  volumes,  with  an  aggregate  of  6,600 
octavo  and  2,7SO  qnarto  pages,  and  30  additional  volumes  are 
now  in  the  press. 

The  following  publications  have  recently  been  issued  (see  vol. 
xrxvi,  p.  676): 

No.  163.  Guide  to  materials  for  the  History  of  the  United 
States  in  the  principal  Archives  of  Mexico :  by  Hkbbbbt  E. 
BoLTOir.  Pp.  XV,  553.  (Papers  of  the  Department  of  Historical 
Research,  J.  Franklin  James,  Editor.) 

No.  172.  Guide  to  the  materials  for  United  States  Histoir  in 
Canadian  Archives ;  by  David  W.  Parkeb.  Pp  339.  (Dep't 
of  Hist.  Research  as  above.) 

No.  184.  The  Subanu.  Studies  of  a  Sub-Visayan  Mountain 
Folk  of  Mindanao.  Part  I.  Ethnographical  and  Geographical 
Sketch  of  Land  and  People  ;  by  Lieut-Col,  John  Park  Finlet. 
Part  n.  Discussion  of  the  Linguistic  Material ;  by  William 
Churchill.  Part  IIL  Vocabularies.  Pp.  v,  336 ;  2  maps. 
(Dep't  Hist.  Research,  as  above.) 

No,  187.  Muscular  Work.  A  Metabolic  Study  with  special 
reference  to  the  Efficiency  of  the  Human  Body  as  a  Machine ; 
by  Francis  G.  Benedict  and  Edward  P.  Cathcabt.  Pp.  vii, 
176  ;  10  figures. 

No.  188,  Heredity  of  Skin  Color  in  Negro- White  Crosses ;  by 
Charles  B.  Davenport.  With  appendix,  being  abridgement  of 
field  notes,  chiefly  of  Florence  H,  Danielsox,  Field  Worker, 
Eugenics  Record  office.  Pp.  106  ;  4  plates,  (Paper  No.  20  of 
the  Station  for  Experimental  Evolution  at  Cold  Spring  Harbor, 
N.  T,) 
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No.  19d.  Piebald  Rata  and  Selection.  Ad  Experimental  Test 
of  the  Effectiveness  of  Selection  and  of  the  Theory  of  Gametic 
Purity  ID  Mendelian  Crosses ;  by  W.  E.  Castle  and  John  C. 
PaiLLipg.     Pp.  54  ;  3  plates. 

3.  Annual  Report  of  the  Superintendent  of  the  Vniled  States 
Coast  and  Geodetic  Suroey,  O.  H,  Tittmann,  to  the  Secretary 
of  Commerce  for  the  year  ending  June  30,  1918.  Pp.  102  ;  one 
chart  and  15  maps. — This  Annual  Report  gives  an  account  of  the 
progress  made  by  the  Survey  in  the  different  lines  of  observation 
along  the  coast  and  in  the  interior  of  the  United  States  and  of  its 
various  dependencies.  The  results  are  clearly  exhibited  graphi- 
cally by  a  series  of  charts  indicating,  for  example,  the  progress  in 
triangulatioD,  topography,  hydrography  ;  also  showing  the  prin- 
cipal astronomic  stations,  those  for  telegraphic  longitude  and 
magnetic  observations,  the  leveling  routes,  etc. 

The  Survey  has  issued  a  large  number  of  separate  publications, 
including  the  following  qnarto  volumes  :  Results  of  magnetic 
observations  by  D,  L.  Hazard,  at  Vieques,  Porto  Rico,  at  Sitka, 
Alaska,  at  Tucson,  Arizona,  at  Honolulu,  H.  T. ;  Effect  of  topog- 
raphy and  isostatic  compensation  upon  the  intensity  of  gravity, 
b^  W.  Bowie  (noticed  in  vol.  xxxv,  p.  107);  Determination  of 
tune,  longitude,  latitude  and  azimuth,  5th  edition,  by  W.  Bowie  ; 
Triangnlation  along  Ihe  west  coast  of  Florida,  by  C.  H.  Swiok, 

3.  xfewcomb-^tglemannt  Popul&re  AaCronomie.  Fifth  edi- 
tion; edited  by  Professor  P.  Eehff,  Director  of  the  Astrophys- 
ical  Observatory  of  Potsdam,  with  the  collaboration  of  Professoi's 
Ebkbhabd,  Litdendorfp  and  Swartzscbild.  Pp.  xii,  835,  4to, 
with  338  illustrations  and  27  Ubles.  Leipzig  and  Berlin,  1913 
(Wilhelm  Englemann). — Newcorab's  Popular  Astronomy,  first 
published  in  (rerraan  translation  by  Englemann  in  1881,  has 
passed  through  successive  editions  as  the  progress  of  the  science 
has  made  necessary  its  revision  and  enlargement  until  it  has  now 
reached  the  fifth  and  has  grown  in  the  process  to  a  quarto  of  835 
pages  with  an  index  of  35  pages. 

The  ground  plan  of  Newcomb,  marked  by  the  breadth,  coher- 
ence and  lucidity  of  the  master  mind,  has  been  preserved  rhtact 
and  the  details  supplied  with  the  thoroughness  and  minuteness  of 
German  scholarship  have  found  room  in  it  without  overloading  or 
confusion.  The  result  is  almost  an  encycloptedia  of  Astronomy. 
Each  edition  has  been  in  charge  of  a  recognized  authority.  After 
the  first  it  was  Vogel  until  his  death  in  1907,  and  he  is  succeeded 
by  Kempf,  director  of  the  Astropbysical  Observatory  at  Potsdam. 

A  valuable  feature  is  a  chapter  of  biographical  sketches  in  56 
pages,  of  185  astronomers  from  Thales  and  Pythagoras  to  Poin- 
oar4  and  Keeler.  By  it  some  men  will  obtain  an  immortality 
well  deserved  but  which  otherwise  they  might  have  missed.  For 
example,  it  is  well  that  posterity  should  know  that  Cbarlois, 
who  died  in  1910,  spent  16  years  in  the  observatory  of  Perrotin 
at  Nizza  and  discovered  over  100  minor  planets — a  worthy  exam- 
ple of  the  same  kind  of  usefulness  as  that  of  Schwab,  the  astro- 
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nomioal  apothecary  of  Deuan,  whose  "imperturbable  telescope" 
drew  from  the  sun  the  data  for  the  sdd  spot  theory.  w.  b. 

4.  Milton't  Astronomy.  The  Aitronomy  of  Paradite  IiOtt ; 
by  Thohab  N.  Obgbabd,  F.K.S.  Pp.  viii,  386;  13  illustrations. 
iJondon  and  New  York  (Longmans,  Green  A  Co.). — The  namber 
of  those  who  love  intelligently  both  the  science  of  astronomy  and 
the  poetry  of  Milton  is  not  very  lar^  but  to  tliem  this  volame 
will  be  a  source  of  both  pleasure  and  information,  and  ouUide  this 
select  number  it  will  do  good  in  reviving  an  interent  in  the  most 
sublime  conception  of  the  human  imagination  couched  in  the 
noblest  forms  of  human  expression. 

Not  the  least  remarkable  aspect  of  Newton's  genius  was  bis 
scientific  knowledge  and  not  the  least  noticeable  feature  of  it  was 
his  interest  in  astronomy. 

Bom  in  the  year  of  the  discovery  of  the  principle  of  the  tele- 
scope, he  lived  in  the  transition  period  when  the  conflict  between 
the  Ptolemaic  and  Copernican  theories  was  at  its  bitterest  stage 
and  was  fully  conversant  of  its  merits.  His  vast  erudition  sup- 
plied him  with  all  the  lore  of  the  older  theory,  which  he  fre- 
quently used  for  poetic  effect,  and  perhaps  accepted  at  the  time 
of  writing  his  early  poems. 

Bat  at  the  age  of  30,  during  his  tour  of  France  and  Italy,  he 
spent  four  months  in  Florence  and  visited,  we  do  not  know  how 
often,  the  aged  Galileo,  then  blbid  and  the  object  of  the  hatred 
and  malice  of  the  orthodox  in  science  and  of  the  hierarchy  of  the 
church.  Milton's  acute  and  liberal  mind  did  not  fail  to  grasp  the 
import  of  what  he  saw  with  his  own  eyes  through  the  "  Tuscan 
artist's  optic  glass,"  and  doubtless  this  is  the  cause  of  the  pro- 
found impression  that  astronomy  made  upon  his  imagination.  No 
topic  of  thought  could  be  more  congenial  to  that  noble  and  exalted 
mind  than  the  subject  matter  of  this  noblest  and  loftiest  of  sci- 
ences; and  when  35  years  later,  himself  blind  and  weary  with 
battles  for  freedom  of  thought  in  England,  he  withdrew  from  the 
world  and  tamed  the  ej'es  of  his  spirit  upon  the  glories  of  Para- 
dise, he  enriched  his  portrayal  with  a  glittering  wealth  of  astro- 
nomical figures  and  allusions  such  as  is  to  be  found  in  no  other  of 
the  masterpieces  of  literature.  w.  b. 

5.  Trigonometry  {Plane  and Spherieai,  with  numerotta  TabUt); 
by  A.  M.  Kenton,  Purdue  University,  and  Lodib  Inqold,  Uni- 
versity of  Missouri.  Edited  by  E,  R.  Hedbick.  Pp.  134.  New 
York,  1913  (The  Macmillan  Co.). — The  use  of  graphic  methods 
in  trigonometry  is  the  onlv  new  feature  which  we  find  in  any  of 
the  multitude  of  text-books  in  this  subject  which  issue  from  the 
press  perennially,  furnishing  perhaps  a  justification  for  publication 
m  the  books  where  it  is  nsed.  Of  the  graphic  method  in  trigo- 
nometry, however,  it  may  be  said  :  first,  that  the  number  of  text- 
books presenting  it  is  already  so  considerable  that  this  excuse 
will  soon  be  no  longer  valid,  and,  second,  that  these  methods  to 
be  used  comfortably  are  best  studied  first  in  connection  with 
algebra. 

They  will  be  a  much  greater  help  in  trigonometry  if  they  have 
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preceded  it  than  if  facility  haa  to  be  acquired  while  the  attODtioo 
IB  fixed  on  another  new  and  quite  different  kind  of  manipulation. 
The  graphic  method  is  freely  naed  in  thia  book.  Tbongh  it 
contains  a  minimiim  of  purely  theoretical  matter,  it  is  more  schol- 
arly than  most,  and  harder,  therefore,  for  the  average  student. 

w.  B. 

6.  Who't  Who  in  Science,  International,  191^;  edited  by 
H.  H.  Stephenson.  Pp.  xx,  602.  New  York  {The  Macmillan 
Company). — The  third  issue  of  this  most  useful  work  shows  a 
natural  growth  over  its  predecessor,  numbering  one  hundred 
additional  pages.  Although  anything  approaching  a  complete 
list  of  the  world's  scientists  would  be  hopelesaly  long,  this  claHni- 
fied  index  containing  9,000  entries  is  large  enough  to  include 
those  about  whom  it  is  most  important  to  gain  information. 
It  may  be  noted  that  while  the  hook  is  published  in  English  and 
printed  in  Great  Britain,  the  British  element  constitutes  less  than 
a  qaarter  of  the  whole.  In  general,  the  lines  laid  down  in  the 
volume  for  1913  are  followed  in  the  one  now  in  hand.  The  open- 
ing pages  contain  an  obituary  for  1913,  and  following  this  a  list 
of  the  universities  of  the  world  (pp.  1-62)  and  ^e  scientific 
societies  (pp.  fi3-117).  The  biographies  cover  five  hundred  pages 
and  a  classified  index  (pp.  622-662)  shows  at  once  what  names 
are  included  from  the  different  countries  in  each  department. 

7.  Franklin  Institute  award  of  the  EUiott  Creaaon  Medal. — 
The  Franklin  Institute  of  Philadelphia  has  awarded  the  Elliott 
Cresson  gold  medal  to  Professor  Wolfgang  Gaede  for  his  molecu- 
lar air  pamp,  in  consideration  of  the  very  great  value  of  this 
invention  for  the  quick  production  of  vacua  beyond  those  hitherto 
obtainable.  This  pump  depends  for  its  action  on  the  dragging 
of  a  gas  by  a  rapidly  moving  surface.  It  consists  essentially  of  a 
cylinder  in  whicn  revolves  a  rotor.  The  peripheries  of  the  cylin- 
der and  rotor  are  so  formed  that  annular  projections  in  the  former 
very  nearly  fit  into  annular  reoeases  in  the  latter.  The  rotor  is 
revolved  at  from  8000  to  12000  revolutions  per  minute,  and  drags 
the  gases  to  be  exhausted  with  it  past  the  sutionary  surface  of 
the  cylinder.  The  pump  produces  a  vacuum  of  ■000001'°°'  in  4 
minutes. 

8.  JStf  Cambridge  ManuaU  of  Science  and  Literature,  New 
York,  1913  (G.  P.  Putnam's  Sons).— The  following  little  books 
io  the  series  (12mo)  have  been  received  : 

The  Wanderings  of  Animals ;  by  Hans  Gadow.   Pp.  viii,  150  ; 
IT  maps. 
The  Theory  of  Money  ;  by  D.  A.  Barker.     Pp.  vii,  141. 
Copartnership  In  Industry  ;  by  C.  R.  Fat.     Pp.  146. 

9.  Tables  and  other  Data  for  Mngineere  and  Business  Men  ; 
compiled  by  Chableb  E.  Fkbbis.  Eighteenth  edition.  Pp.  244. 
Knoxville,  Tenn.  (University  Press.  Price  SO  cents).— This  new 
edition  of  the  Manual  for  Engineers  (see  vol.  xxviii,  p.  566)  has 
been  extensively  revised.  In  addition  to  the  engineermg  tables, 
attention  is  given  to  instructions  to  be  followed  in  case  of  electric 
shock,  shop  injuries,  antidotes  for  poison,  etc.,  information 
especially  valuable  to  the  active  engineer. 
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Obititabt. 

Sib  Josk  Mcbiut,  the  eminent  Scotch  oataralist  &nd  ooeaaog* 
rapher,  died  suddenly  as  the  reanlt  of  an  automobile  accident  on 
February  16  at  the  age  of  seventy-three  years.  Bom  at  Cobarg, 
Ontario,  be  removed  to  Scotland  when  still  a  youth  and  completed 
his  education  at  the  University  of  Edinbnrvh.  When  onl^  thirty- 
one  he  was  appointed  naturalist  to  the  "Challenger"  expedition  and 
took  part  in  the  cmises  from  1 872  to  1 BT6,  later  serving  as  editor 
of  the  Challenger  Reports  (1880-1885),  Other  imporunt  inves- 
tigations in  oceanography  occupied  him  in  later  years,  the  last  of 
these,  the  Michael  Sara  expedition,  in  1010  when  nearly  seventy 
years  old.  He  was  the  author  of  many  important  memoirs  and 
volumes:  one  of  these  entitled  "  The  Ocean  "  (1913)  is  noticed  on 
an  earlier  page  of  this  nnmber  (p.  3SS). 

Dr.  Edwabd  Sinolbton  Holdkn,  the  astronomer  and  librarian 
of  the  United  States  Military  Academy,  died  on  February  16  at 
his  home  in  West  Point,  N.  Y.,  in  his  sixty-eighth  year.  In  1873 
he  was  appointed  astronomer  in  the  U.  S.  Naval  Observatoir  ; 
from  1881-1886  he  was  professor  of  astronomy  at  the  University 
of  Wisconsin  and  director  of  the  Washburn  Observatory  ;  from 
1885-1888  president  of  the  University  of  California  and  director 
of  the  Lick  Observatory  till  1898,  when  he  became  librarian  at 
West  Point.  His  contributions  to  astronomy  were  numerous  and 
important, 

William  Whitman  Bailet,  professor  emeritus  of  botany  at 
Brown  University,  died  on  February  20  at  the  Me  of  seventy-one 
years.  He  served  as  botanist  to  the  U.  S.  Geological  Survey  of 
the  Fortieth  Parallel  in  1867  and  1868  and  was  made  professor  at 
Brown  in  1881,  retiring  from  active  service  in  1906.  He  made 
numerous  contributions  to  scientific  journals  and  wrote  a  num- 
ber of  books:  "Botanical  Collector's  Handbook"  (1881),  "Among 
Rhode  Island  Wild  Flowers"  (188S),  "New  England  Wild 
Flowers  "  (1897)  and  others.     . 

Dr.  GiusEPPi  Mbbcalli,  director  of  the  Observatory  on  Mt. 
Vesuvius  and  professor  of  vulcanology  and  seismology  at  the 
University  of  Naples,  died  suddenly,  as  the  result  of  an  accident, 
on  March  19  at  the  age  of  sixty-four  years. 

Dr.  Ai-BEBT  GuNTHEB,  the  emieent  German  zoologist,  died  on 
February  1  in  his  eighty-fourth  year. 

Dr.  H.  B.  Woodward,  formerly  assistant  director  of  the  British 
Geological  Survey,  died  on  February  6  at  the  age  of  sixty-five 
years. 

Col.  Alexander  Ross  Clabke,  the  English  geodetiet,  died  on 
February  1 1  at  the  age  of  eighty-five  years. 
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Abt.  XXX. — Re^  Fonnatioiie  of  the   Northeast  Coast  of 
Briail;  liy  Gerald  A.  Warmo.     With  Plate  IX.* 


General  features. 
Mode  of  fonnatiuD. 
Beefs  north  of  Bio  Grande  do  Norte. 
Other  occurrences  of  calcareons  sandstone. 
Iron-cemented  sandstone, 
aiffs. 
Beefx. 
Coral  reefs. 
Sum  mar;. 

Location  and  Character  of  the  Kegion. 

Lyikg  wholly  within  tlie  tropic  zone,  Dortheaetem  Brazil 
forms  the  shoulder  of  the  South  American  continent.  To  the 
northwest  is  the  Amazon  region,  noted  for  ite  ahundant  raine 
and  tropic  vegetation.  To  the  south  also  the  country  is  well 
snpplied  with  water ;  but  the  region  between  about  3  and  15 
degrees  S.  lat.  is  arid  and  is  subject  to  periods  of  great  drought. 
Few  rivers  drain  this  area,  and  except  for  a  narrow  belt  along 
the  coast,  water  is  scarce  during  the  greater  part  of  the  year. 
All  of  this  coastal  extent  is  h>w.  For  many  miles  the  shore  is 
bordered  by  sand  dunes,  which  extend  back  a  few  miles  to  a 
gently  rising  plain,  covered  with  a  stunted  forest  of  tal!  brush 
and  cactus,  and  interrupted  here  and  there  by  small  isolated 
peaks  and  mountains.  There  are  few  settlements  other  than 
fishing  villages  along  this  barren  stretch  of  coast.  Nearly  all 
the  streams  that  enter  the  ocean  discharge  water  only  during 

•  The  writer  U  indebted  to  Dr.  J.  C.  Branner  for  encouragement  in  th« 
preparation  of  this  article. 

Am.  Jom.  Sci.— Fourth  Seribs,  Vol.  XXXVII,  No.  221.— Mat,  1914. 
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periods  of  Btorm,  and  are  lience  of  uncertain  flow ;  for  as  is 
true  in  other  arid  re<^oiia,  the  rainfall  of  north  eastern  Brazil 
IB  verj'  irregular  in  amount  and  distribution, 

Caloarbous  Sandstone. 
Reekk.     General  feafures. 

At  certain  places  along  this  coast  there  are  sandstone  reefs 
whose  character  and  appearance  is  considered  by  scientists  and 
others  wlio  have  seen  thoin  to  be  almost  nniqiie.  The  only 
other  known  occnrreuces  of  a  similar  formation  appear  to  be 
at  a  few  places  along  the  eastern  shore  of  the  Mediterranean 
and  on  the  borders  of  the  Red  Sea,  and  little  information  iif 
available  concerning  the  reefs  of  these  localities.  Tbc  best 
known  reef  on  the  Brazilian  coast  is  that  which  protects  and 
in  fact  forms  the  harbor  of  Pernambuco,  in  about  8  degrees 
south  latitude.  This  reef  has  been  described  or  mentioned  by 
numerous  writers.  In  1836  Charles  Darwin  in  writing  of  it 
said  that  "at  first  sight  it  is  difficult  to  ci-edit  that  it  is  the 
work  of  natni*  and  not  of  art."* 

Dr.  J.  0.  Branner,  President  of  Stanford  Univerflity  and 
bead  of  its  geological  department,  who  has  worked  on  the 
geology  of  Brazil  for  many  years,  has  published  an  exhaastive 
study  of  the  reefs. t  The  principal  features  of  the  reef  have 
also  been  summarized  by  him  in  a  later  paper,J  and  may  be 
stated  as  follows : 

The  reefs  are  long,  narrow,  and  nearly  straight,  and  are  situ- 
ated in  most  instances  near  the  mouths  of  streams  and  nearly  - 
f>araltel  to  the  present  beach.  At  some  places  where  reefs 
lave  been  formed,  the  reef  is  not  connected  with  the  land  ;  in 
other  places  one  end  is  exposed  on  the  beach  or  is  buried 
beneath  the  sands,  while  in  still  others  tbe  reef  lies  as  a  whole 
along  the  present  beach.  The  axis  of  each  reef  is  practically 
horizontal  and  lies  at  about  high-tide  level.  Its  top,  however, 
elopes  gently  seaward  and  in  section  the  material  also  exhibits 
beading  planes  that  dip  at  low  angles  toward  the  sea.  While 
the  better-developed  reefs  are  as  a  rule  nearly  continuous,  in 
many  places  they  are  cracked,  broken  and  underuiined  by  tlie 
surf,  and  many  of  the  smaller  reefs  have  been  greatly  broken 
np  by  this  means.    The  Hthifled  material  is  only  ten  or  fifteen 

*  Joamal  of  RMe&rchea  into  tbe  Qeology  aad  Natnnl  History  at  the  varl- 
ont  countTlee  vtoitad  by  H.  H.  S.  Beagle  .  .  .  from  1883  to  IHSa.  London, 
1839,  p.  098. 

f  The  Stone  Beefs  of  Brazil,  their  Keologic  and  geographic  ralalionB,  with 
a  oIiBptei  on  tbe  cor»t  reefe.  Bull.  Hub,  Comp.  Zoologf,  vol.  xlW,  QmL 
Series  vll,  Cambridn,  lOM. 

t  Stone  Reefs  on  Uie  Northeast  CoMt  of  Brazil,  Ball.  Oeol.  Soo.  Am.,  vol. 
XTi,  pp.  1-13,  Feb.,  1905. 
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feet  thick  at  most,  and  is  ituderlain  by  the  usual  coastal  sands 
and  clavs.  The  otiter  edge  of  a  reef  is  in  many  places  nearly 
vertical,  dae  to  the  breaking  off  of  masses  which  now  lie 
beside  it  in  inclined  positions  and  partly  protect  the  exposed 
face  from  the  force  of  the  snrf.  The  inner  face  is  commonly 
broken  much  less,  but  its  edge  is  irregularly  etched.  In 
many  places  the  surface  of  the  reef  is  also  deeply  etched  into 
fantastic  points  and  pinnacles,  and  contains  shallow  pools;  but 
ordinarily  it  is  fairly  smooth  and  is  partly  covered  by  organic 
growths,  which  are  more  abundant  near  the  seaward  edge. 

The  material  is  a  sandstone  that  contains  quartz  grains,  with 
occasional  beds  of  pebbles,  a  little  mica,  and  shells  and  other 
organic  remains  In  varying  amounts,  all  being  tirmly  cemented 
together  by  lime  carbonate.  The  material  is  mainly  so  hard 
that  it  rings  under  tlie  hammer  and  fractures  across  the  quartz 

f  rains  and  pebbles ;  but  in  some  places  it  is  relatively  soft. 
he  shells  appear  to  be  those  of  kinds  at  present  living  in  the 
adjacent  water,  and  the  other  constituents  of  the  rock  are  those 
of  the  present  beaches. 

Mode  of  formation. 

Difference  in  hardness  seems  to  be  the  only  important 
feature  that  distinguishes  the  material  of  the  reefs  from  that 
of  the  beaches.  The  conclusion,  therefore,  is  that  the  reefs 
are  beaches  or  sand  spits  lithified  in  place.  This  origin  of  the 
reefs  and  their  mode  of  formation  was  worked  ont  by  I>r. 
Branner  after  a  detailed  study  of  the  various  reefs  south  of 
the  port  of  Kio  Grande  do  Is'orte,  Tiie  various  phases  of  the 
problem  are  treated  fully  in  his  publication  on  the  subject,* 
and  his  conclusions  can  only  be  summarized  here.  The  main 
features  brought  out  by  his  study  are  as  follows : 

The  reefs  are  in  reality  hardened  beaches  or  spits,  that  have 
been  encroached  upon  from  both  sides  by  the  sea.  Their 
straightness  implies  that  the  original  beaches  or  spits  were 
straight,  and  seems  to  be  well  accounted  for  by  tne  usual 
process  of  straightening  of  an  irregular 'shore  line  by  the  cut- 
ting down  of  headlands  and  the  iilling  of  embayments.  The 
natural  features  of  the  coast,  notably  the  lack  of  good  harbors, 
the  presence  of  low  headlands  which  protect  sliallow  bays, 
and  of  stream  mouths  partially  or  wholly  closed  by  sand  bars, 
are  some  of  the  factors  which  point  to  this  conclusion.  The 
reefs  are  therefore  believed  to  be  portions  of  mature,  nearly 
straight,  beach  lines.  The  lime  carbonate  that  hardened  these 
beaches  appears  most  probably  to  have  been  dissolved  from 
calcareous  beach  sands  by  streams  entering  behind  them,  and 
to  have  been  redeposited  along  the  zone  of  contact  with  the 
salt  water  as  the  fresh  water  percolated  seaward  through  these 

»  Bnll.  MuB.  Camp.  Zool.,  Goolt^,  vil,  1904. 
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sandii.  The  solvent  action  of  the  fresh  water  for  lime  carbo- 
nate was  increased  by  organic  acids  derived  from  decaying 
vegetation,  and  the  redcposition  of  the  lime  waa  mainly  due  to 
the  inability  of  the  increasingly  salty  water  to  hold  it  longer 
in  solution. 

The  conditions  necessary  to  snch  an  liypotliesis  are  all 
present  along  the  coast  where  the  reefs  exist.  The  annual 
rainfall  is  so  irregular  in  amount  and  distribution  that  the 
streams  carry  little  or  no  water  during  a  large  part  of  the 
year  and  their  outlets  become  partially  or  wholly  closed  by 
drifting  sand.  Vegetation,  especially  the  mangrove  and  the 
water  hyacinth,  grow  luxuriantly  in  the  tidal  portions  behind 
many  of  these  closed  river  mouths,  and  the  decay  of  dead 
leaves  and  other  fragments  of  vegetation  doubtless  charge  the 
water  with  organic  acids.  This  water  gradually  escapes  to 
the  sea  by  percolation  through  the  sands  that  block  the  way, 
and  at  times  by  flowing  long  distances  around  the  ends  of 
sand  bars.  The  sand  contains  many  fragments  of  shells,  coral 
and  other  calcareous  animal  remains,  so  that  it  may  easily 
yield  the  requisite  lime  carbonate  for  the  cementing  process. 
Studies  made  by  the  Challenger  expedition  have  shown  that 
the  ocean  water  is  unusually  dense  in  an  area  that  borders  the 
Brazilian  coast  approximately  along  the  portion  where  the 
reefs  are  found.*  This  greater  density  of  the  ocean  water 
teods  to  cause  more  rapid  deposition  of  the  lime,  due  to  the 
inability  of  the  deose  water  to  readily  hold  it  in  solutiou,  and 
is  believed  to  be  another  important  factor  which  caused  the 
formation  of  the  reefs. 
Reefi  north  of  Rio  Grande  do  Norte. 

The  structure  and  the  mode  of  formation  of  the  reefs  have 
been  thoroughly  discussed  by  Dr.  Branner,  and  the  present 
paper  is  not  written  in  an  attempt  to  add  anything  to  bis  con- 
clusions in  those  respects.  Dr.  Branner's  studies,  however, 
were  confined  to  the  reefs  at  and  south  of  Bio  Grande  do 
Norte,  and  as  in  February,  1913,  the  writer  traversed  a  portion 
of  the  coast  north  of  that  port,  the  following  notes  concerning 
the  region  are  presented.  These  notes  are  mtended  mainly  to 
record  the  calcareous  sandstone  reefs  noted,  but  observations 
on  the  other  kinds  of  reefs  seen  are  also  given. 

The  harbor  at  Bio  Grande  do  Norte  is  formed  by  an  especi- 
ally well-developed  reef,  descriptions  of  which  have  been  pob- 
lished.f  Since  no  reefs  equallmg  it  in  development  were  seen 
farther  north,  the  illustration  (ng.  1)  is  here  presented,   for 

*  Challenger  Reports,  Physics  and  ChemistTj,  to),  i. 

f  The  Btone  reef  at  the  moatb  of  the  Rio  Oraode  do  Norte,  b}>  Dr.  J.  C. 


Branner  and  C.  E.  Oilman.  American  Geulogiet,  Dec,  l)j9U.  pp.  342-344. 
The  stone  reefs  of  Brazil,  b;  J.  C.  Branner,  Ball.  Has.  Comp.  Zool.,  OmI. 
Seriei  vii,  pp.  35-39,  1904. 
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together  with  the  representation  of  this  reef  on  Plate  IX,  it 
well  brings  ont  two  characteristics  of  tlie  better-developed 
reeffl,  i.  e.,  their  relations  to  present  beach  lines,  and  their  posi- 
tions relative  to  stream  months. 

North  of  Rio  Grande  do  Norte  the  first  typical  calcareous 
sandstone  was  fonnd  at  the  mouth  of  Rio  Cearti-Mirim,  where 
a  double  reef  of  the  material  is  exposed  at  low  tide  (%.  2). 
The  two  reefs  are  parallel,  about  100  yards  apart  and  curve 

Fio.  1. 


Fio.  1.    Reef  at  montb  of  Rio  Grande  do  Norte. 

gently  with  the  present  beach.  The  inner  reef  is  the  shorter, 
and  some  parts  of  it  project  only  a  few  inches  above  the  sand 
of  the  flat  beach  that  is  laid  bare  by  the  receding  tide.  Its 
rock  is  brighter  in  color  and  softer  than  the  usnal  pale  yellow 
to  gray  material,  but  otherwise  it  has  the  appearance  of  the 
typical  reef  rock.  It  is  the  most  probable  example  noted  of  a 
recently  formed  deposit.  A  tidal  lagoon,  fringed  with  man- 
groTe,  is  formed  behind  a  bar  whicn  separates  it  from  the 
beach.  The  outer  reef  consists  of  the  usual  hard,  gray 
material.  About  460  yards  beyond  the  place  where  Its  north- 
ern end  disappears  beneath  the  water,  another  stretch  of  the 
same  material,  probably  its  continuation,  appears  close  to  the 
shore  and  extends  around  a  gently  curving  beach,  gradually 
receding  and  disappearing  beyond  the  surf. 

Proceeding  nortliward,  the  reef  rock  next  appears  as  a  few 
scattered  blocks  in  the  surf  about  one  mile  sonth  of  a  low  point 
near  the  village  of  Pitangy.  About  500  yards  beyond  these 
blocks,  the  material  is  exposed  as  a  continuous  reef,  with  bed- 
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ding  planes  dipping;  3  degrees  seaward,  and  liee  partly  as  a 
barrier,  partly  along  tlie  1)eacli,  su^rgesting  that  a  little  bay  bas 
been  waebed  out  bebind  it  as  sboirn  in  fig.  3a.  Its  northern 
end  is  buried  in  tbe  beach. 

Near  tbe  village  of  Jacami,  a  few  miles  northward,  a  small 
reef  of  the  rock  extends  from  ttie  beach  into  the  snrf.  At  a 
low  point  beyond,  a  similar  reef,  which  first  appears  in  the 
water,  extends  in  a  straight  line  in  siich  a  direction  that  it 


Fro.  2.    Bird's-eye  view  of  reef  at  mouth  cf  Rio  CeaTd-Uiritn, 


passes  for  some  distance  along  the  beach  and  then  disappears 
in  the  water  beyond  the  point  (fig.  '6h). 

No  signs  of  a  calcareous  sandstone  reef  were  found  near  the 
mouth  of  Rio  Maxaranguape,  4f  miles  farther  north,  though 
tbia  stream  has  a  small  perennial  flow  and  contains  much  man- 
grove in  its  lower  portion.  The  South  Atlantic  equatorial 
current  flows  westward  from  Africa  and  divides  at  Cabo  SSo 
Roque,  part  going  northward  and  part  southward  along  the 
Bi-azilian  coast.  The  sonChward-flowing  current  may  have 
been  of  influence  in  preventing  the  formation  of  a  calcareous 
sandstone  reef  at  the  mouth  of  the  Maxaranguape,  which  ia 
only  one  mile  south  of  the  cape.  The  position  of  the  Maxaran- 
guape, near  a  projecting  part  of  the  coast,  also  appears  not  to  be 
favorable  to  the  formation  of  a  calcareous  reef,  for  nearly  all  of 
the  prominent  reefs  described  by  Dr.  Branner  extend  along 
in  ward -curving  beaches,  northward  from  river  mouths.* 


The  northw&rd  dischATge  of  river  moDlhs,  produced  by  dnftioK  uiid.  i* 
mentioned  by  Otaf  Pitt  Jenkina,  Geology  of  tbe  Begioa  about  Natal,  Bio 
Qrande  do  Norte,  Brazi!,  Proc.  Am.  Phil.  Soc.,  vol.  Hi,  No.  211,  p.  4,  Sept.- 
Oct.,  1913. 
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The  first  observed  occurrence  of  the  typical  reef  lock  north 
of  Jacuma  is  neaf  the  mouth  of  Rio  do  Fogo,  24  miles  Away  in 
a  direct  line.  Abbnt  one-half  mile  north  of  the  mouth  of  this 
small  stream  a  reef  of  the  usual  material  appears  off-shore  and 
trends  N.  20"  W.  (mag.)  while  the  beach  trends  N.  6°  W. 
Hence  after  a  short  distance  the  reef  attains  the  beach,  at  a 


Fio.  !i.  PositioDs  of  calcareoos  saudstuue  roefa  relative  to  the  preBent 
beach :  a,  near  Pitangj  -  b,  near  JacnmA  ;  e.  Dear  Bin  do  Fogo ;  d,  uorth- 
west  oE  Ponia  Redncto. 

place  where  the  beach  turns  a  little  more  to  the  west  (fig,  ^c). 
At  this  place  the  reef  also  turns,  but  at  an  angle  instead  of  in 
the  nearly  universal  gentle  curve,  and  bearing  N.  16°  W.,  ex- 
tends for  about  six-tenths  of  a  mile  in  a  straight  line  nearly 
parallel  with  the  beach,  finally  dittappearing  in  the  surf,  A 
reef  wliich  is  exposed  for  a  width  ot  200  or  300  yards  at  low 
tide  and  extends  for  some  distance  southward  froui  the  mouth 
of  Rio  do  Fogo,  appears  to  consist  of  quartz  gi'ains  cemented 
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by  calcareous  material.  It  ie  pale  yellow  in  color  and  is  pos- 
sibly an  example  of  recent  cementation,  tbongli  it  does  not 
closelv  resemble  the  more  typical  reef  north  of  the  stream's 
moutfi.  Rio  do  Fogo  has  only  a  slight  flow  during  the  dry 
season,  and  at  present  does  not  support  a  growth  of  mangroTe ; 
bnt  a  bed  of  black  clay  exposed  in  the  beach  near  its  month 
resembles  the  material  of  mangrove  swamps.  The  relative 
positions  of  the  stream  mouth,  the  bed  of  clay  and  the  typical 
reef  to  the  north  suggest  that  the  stream  formerly  entered  the 
ocean  somewhat  farther  north,  while  the  wide  reef  of  calcareous 
sandstone  to  the  south  suggests  that  more  recently  its  water 
may  have  sought  the  ocean  in  that  direction.  Sand  dunes  now 
crowd  the  stream  channel  back  from  the  shore  and  absorb 
most  of  its  water,  which  reappears  in  part  nearer  the  beach  in 
the  form  of  small  springs. 

Two  miles  north  of  liio  do  Fogo,  large  slabs  of  the  typical 
rock  are  exposed  at  low  tide,  lying  upon  iron-cemented  sands 
at  a  small  point  near  the  village  of  reroaba,  while  two  reef 
fragments  20O  or  300  yards  long  are  seen  respectively  IJ 
and  If  miles  northward,  at  ahont  half-tide  level,  partly 
buried  in  the  beach. 

Continuing  along  the  beach,  a  few  other  masses  of  the  rock 
are  to  be  seen  in  several  places  firmly  cemented  to  red,  iron- 
cemented  sandstone  that  forms  fringe  reefs,  but  the  next 
typical  reef  is  met  near  Ponta  Reducto,  a  numher  of  miles 
farther  to  the  northwest.  The  rock  here  appears  abruptly  in 
the  surf  and  owing  to  tlie  slight  curve  of  the  shore  soon 
reaches  the  beach.  Thence  the  reef  rock  extends  along  the 
beach,  in  large  part  as  broken  slabs  piled  up  beyond  ordinary 
high-tide  level,  for  a  distance  of  If  miles,  to  the  sontheaslern 
ena  of  the  point,  where  at  low  tide  it  is  seen  to  be  firmly 
cemented  to  the  red  sandstone  at  the  base  of  the  bluff.  In  the 
cove  beyond  tlie  point  a  few  slabs  of  the  rock  appear,  and 
again  at  a  wide  curve  of  the  low  beach  l-J  miles  farther 
northwest.  Near  the  next  curve  of  the  beach,  one  mile  beyond, 
the  material  appears  on  the  shore  above  high  tide,  extends 
along  the  upper  border  of  the  beach  as  a  succession  of  broken 
6lat)s,  and  disappears  beneath  a  small  sandy  point.  It  reappears 
on  the  other  side  of  this  point,  however,  and  continuing  partly 
in  the  water  but  mainly  along  the  upper  part  of  the  beach,  it 
finally  disappears  landward  (fig.  Zd).  The  total  length  of  this 
reef,  including  the  portion  liidden  by  the  sandy  point,  is  fully 
3  miles. 

The  calcareous  sandstone  is  next  seen  5  miles  westward,  at 
a  place  called  Qucitnadas.  Here  from  an  inward  curve  of  the 
beach  line,  a  narrow  reef  extends  into  the  water  for  perhaps 
300  yards.     It  appears  for  a  few  yards  on  shore  as  a  confusion 
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of  broken  slabs,  while  bands  of  shells  and  disintegrated  frag- 
inentg  of  Uie  rock  in  the  sand  back  from  the  beach  mark  the 
buried  eastward  continuation  of  the  reef.  Westward  aleo, 
l>eyond  the  extremity  of  the  reef,  shells  and  disintegrated 
fragments  of  i-eef  rock  may  be  found  at  a  distance  of  50  to 
100  yards  from  the  present  beach,  for  a  couple  of  miles  along 
the  undulating  sand;  plain. 

About  3J  miles  west  of  Queimadas  the  reef  rock  begins 
again  abniptly  on  the  beach  within  reach  of  the  tide.  A 
spring  of  fresh  water  gushes  up  from  beneath  its  extremity, 
and  450  yards  beyond  this  spring  another  rises  through  the 
beach  sand  at  about  half-tide  level,  probably  from  beneath  a 
buried  block  of  the  reef.  .  Thence  tlie  reei^  continues,  princi- 
pally as  great  loosened  blocks  and  slabs,  along  the  beach  at 
tialf-tide  to  high-tide  level,  for  1^  miles  to  the  eastern  end  of 
the  series  of  cliffs  known  as  Tres  Irmaos  (Three  Brothers). 
In  the  cove  between  the  eastern  two  headlands  and  also  at 
their  bases  a  few  blocks  of  the  reef  rock  are  visible  at  half-tide, 
the  gray  or  pale  yellow  of  the  latter  contrasting  with  the  dark 
red  sanilstone  of  the  cliffs. 

A  few  miles  west  of  Tres  Irmaos  and  1^  miles  east  of  Cai- 
fara  light,  in  the  sandy  plain  80  yards  from  the  beach  and 
approximately  parallel  with  it,  there  is  an  exposure  of  dis- 
integrated calcareous  reef  rock,  part  rust-colored,  part  bleached, 
about  5  yards  wide  and  50  yards  long.  It  is  perhaps  the  best 
example  that  was  seen  of  an  inland  remnant  of  a  reef.  About 
one-half  mile  westward  from  this  remnant  the  rock  reappears 
as  broken  slabs  lialf-buried  in  the  beach,  but  soon  becomes  a 
continuous  beach-reef,  with  blocks  of  the  material  piled  in 
confusion  along  its  landward  edge.  The  Caii^ra  light  post  is 
erected  on  a  concrete  foundation  built  on  the  reef  at  high- 
tide  level.  A  small  headland  that  rises  to  a  height  of  20  or 
25  feet  just  west  of  the  light  is  composed  of  fluted  and  craggy, 
lime-cemented  sandstone  that  resembles  the  calcareous  reef 
rock,  while  over  the  sandy  knolls  behind  the  headland  are 
scattered  many  shells,  fragments  of  coral,  and  pieces  of  lime 
carbonate  that  resemble  calcified  brush  roots.  From  among 
these  knolls  a  low  ridge  of  gray  to  nist-colored,  disintegrated 
lime-cemented  sandstone,  with  many  loose  shells  lying  along 
its  course,  leads  westward  down  to  a  small  reef  that  disappears 
in  the  water  of  a  little  bay.  On  the  far  side  of  this  bay,  a 
short  distance  west  of  the  fishing  village  of  Santa  Maria,  the 
reef  again  appears  in  the  surf.  The  beach  thence  to  Ponta 
Caij^ra,  a  distance  of  IJ  miles,  is  very  nearly  straight.  The 
reef  rock,  however,  after  attaining  the  beach  and  following  it 
for  550  yards,  swings  a  short  distance  inland  and  becomes 
nearly  buried  for  100  yards.     It  then  returns  and  again  forms 
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A  beach-reef  for  890  yards  farther  (iee  tig.  4),  and  then  swings 
landward  and  ie  lost,  though  its  course  ina}'  be  traced  for  some 
distance  farther  by  scattered  and  diBintegrated  fragments  25 
to  50  yards  hack  from  the  beach.  The  relation  of  tlie  reef  to 
the  beach  along  this  stretch  is  shown  by  figure  5.  Ponta  Cai- 
(ara  is  formed  of  fresh-looking,  pale-yellow,  very  bard  stone 
which  closely  resembles  the  reef  rock.  The  exposure  at  this 
place  has  not  the  usual  long  and  narrow  form  of  the  typical 


Fio.  4.     lithitied  beach  ui^ar  PnnU  Caivaiii. 

reefs,  however.  The  material  extends  from  the  base  of  a  large 
dune  down  tu  the  surf,  where  it  exposes  a  steep  face  to  the 
beach  for  a  few  yards.  The  western  end  of  the  lithified  mass 
terminates  abruptly  in  a  vertical  face  6  or  8  feet  high  that 
trends  straight  inland  and  disappears  beneath  the  drifting  sand 
100  yards  from  the  beach.  The  dip  of  the  material  here 
exposed  seems  to  be  about  10  degrees  to  the  northeast,  while 
the  beach-reef  farther  east  dips  at  low  angles  uniformly  north- 
ward, into  the  sea. 

The  reef  or  lithified  beach  that  extends  almost  uninterrupt- 
edly from  some  distance  east  of  Cai^ara  light  to  the  point  of 
the  same  name,  appears  to  he  the  westernmost  area  of  any  con- 
siderable extent  of  the  typical  calcareous  reef  formation. 

By  reference  to  the  general  map  of  Plate  IX  it  will  be  seen 
that  no  streams  of  importance  drain  the  area  between  the 
courses  of  Rio  Ceara-Mirim  and  Rio  Salgado  (which  enters 
tide  water  at  Macau).  None  of  the  small  streams  that  enter 
the  ocean  between  these  two  rivers  have  calcareons  sandstone 
reefs  at  their  months.     The  reefs  that  are  present  along  this 
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pftrt  of  the  coaet,  however,  are  in  Beveral  placee  eitnated  in 
euggeetire  relation  to  existing  areas  or  lagoons  or  marsb  land, 
shut  off  from  the  sea  by  dunes  of  BantT  This  seems  to  be 
shown  near  Rio  do  Fogo  (fig.  3c),  and  also  near  Ponta  Iledncto. 
At  the  latter  place  the  present  position  of  lagoons,  aa  shown 
by  figure  6,  ib  evident);  determined  by  the  shifting  sands ; 
and  conditions  might  easily  have  been  such  as  to  canse  the 
water  to  find  outlet  in  the  vicinity  of  the  present  reef. 

All  of  the  well-developed  reefs  noted  by  Dr.  Branner  south 
of   and  inchiding   Rio    Grande   do   Norte   are   opposite   the 
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Fia.  5.     Bc'lation  of  lithified  beach  to  preHeut  bi^aoh,  neiir  FottU  Cai^ara. 

months  of  rivers  of  considerahle  flow.  In  the  light  of  the 
origin  of  the  reefs,  the  absence  of  such  well-developed  off- 
shore reefs  farther  north  may,  therefore,  be  safely  ascribed 
chiefly  to  the  absence  of  suitable  streams  for  their  formation  ; 
for  the  weak  flow  of  fresh  water  seaward  has  apparently  been 
able  to  harden  masses  of  sand  only  along  the  beach.  In  some 
places,  however,  these  consolidated  beaches  have  been  encroached 
upon  by  the  sea,  so  that  they  now  form  off-shore  reefs. 

The  apparent  greater  frequency  of  reef  remnants  along  the 
shore  northwest  of  Touros  than  southward  from  that  place  is 
perhaps  due  directly  to  the  curving  of  the  coast  line  in  this 
vicinity  to  a  more  northwesterly  course.  This  brings  the 
beach  line  more  nearly  parallel  with  the  direction  of  the  pre- 
vailing wind  and  hence  induces  slight  alteration  of  the  beach 
line  by  the  drifting  sand.  The  best  example  of  this  phenomenon 
that  was  noted  is  in  the  vicinity  of  Ponta  Caigara,  and  has 
been  already  described. 
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Other  Occdbbkhcbs  of  Ci.lcabkod8  Sandbtonk. 

Although  the  materials  of  the  headland  near  Cai9ara  light 
and  of  Fonta  Cai^ra  are  eimilar  in  composition  to  those  of  the 
well-developed  reefs,  they  resemble  hardened  masses  of  sand 
rather  than  elongated  spite,  and  this  character  is  exhibited  by 
other  occurrences  that  were  noted  farther  west. 

The  first  one  of  these  occurrences  is  6  miles  west  of  Poota 
Cai(ara,  at  Ponta  Jacar^.  Here  the  typical  gray,  lime- 
cemented  sand  with  layers  of  gravel  and  shellE  is  exposed  for 
abont  100  vards  along  the  beach ;  but  instead  of  forming  a 
reef  or  a  litnified  beach,  the  rock  extends  from  the  base  of  a 
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S[reat  sand  dune  to  the  water  25  yards  away,  where  it  forms  a 
edge  5  or  6  feet  above  half-tide  level  and  dips  8  degrees  to 
the  north,  seaward.  This  is  the  westernmost  exposare  of  the 
reef  rock  that  was  seen  along  the  beach  in  the  journey  between 
Rio  Grande  do  Norte  and  Mae&ii.  It  could  not  be  definitely 
learned  by  inquiry  whether  or  not  rock  is  exposed  along  any 
part  of  tlie  coast  between  Fonts  Jacare  and  Mac&u  ;  and  this 
portion  of  the  coawt,  which  is  low  and  intersected  bv  tidal 
inlets,  was  not  traversed.  It  is  believed,  however,  that  no 
reefs  are  present  along  tiiis  stretch  of  dunes  and  tidal  inlets. 

At  a  few  places  west  of  Mac&u  the  calcareous  sandstone 
was  observed  near  ports  that  were  visited  on  coasting  steamers, 
the  first  one  west  of  Macau  being  Areia  Branca.  Along  the 
ocean  east  of  the  entrance  to  this  port  the  beach  is  bordered 
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from  an  inlet  know  as  Barra  do  Upanema  nearly  to  the  Areia 
Branca  lighthouse,  a  distance  of  IJ  miles,  by  gray,  lime- 
cemented  sandstone.  This  is  compoBed  mainly  of  coarse  sand 
and  small  pebbles.  No  shells  were  seen  imbedded  in  it, 
thoueh  a  few  seams  are  filled  with  lime-cemented  shells  and 
pebblee.  While  it  resembles  the  usaal  reef-forming  material, 
at  many  places  it  extends  from  the  bases  of  dunes  for  a  num- 
ber of  yards  to  the  surf,  and  therefore  is  not  considered  typical 
reef  rock.  A  few  fragments  of  the  rock,  more  or  less  dis- 
integrated, are  also  exposed  between  the  dunes. 

Fio.  7. 


FiQ.  7.    Onderciit  oliff  oE  lime- cemented  sand  near  Fortinho. 

Morro  Thib&u  is  a  hill  which  borders  the  shore  about  6  miles 
northwest  of  Areia  Branca.  Part  of  its  coastal  side  is  bor- 
dered by  a  cliff  15  to  30  feet  high,  behind  which  sandy  Blopes 
rise  to  a  maximum  height  of  lt>0  feet.  A  nuhiber  of  small 
springs  of  fresh  water  issue  along  the  upper  border  of  the  con- 
solidated layer  that  forinw  the  cliff.  This  layer  is  composed  of 
gray  to  red-brown  sand  in  which  are  occasional  chalky  masses  the 
size  of  an  egg.  A  reef  of  the  same  material  borders  the  cliff, 
and  though  it  does  not  closely  resemble  the  typical  lime- 
cemented  reef  sandstone,  it  appears  to  have  a  similar  mode  of 
origin  and  to  be  comparable  with  the  small  cliffs  at  Pontas 
Jacare  and  Cai^ra  and  at  Cai^ara  liglit. 

At  Fortinho,  the  port  of  Aracat^f,  gray,  lime-eeinented  sand- 
stone underlies  cliffs  of  red,  sandy  clays,  partly  as  a  shelf  at 
about  high-tide  level,  and  partly  as  a  low  cliff  which  is  deeply 
undercut  at  one  place  (see  fig.  7.)     The  lighthouse  at  the 
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entrance  to  this  harbor  is  built  on  low  glopesof  brick-red  sand- 
etone,  bat  at  the  beacli  about  a  mile  beyond  the  light  there  is 
a  cUff,  15  or  20  feet  high,  whose  material  from  a  diEtance 
i-eBemblee  the  gray  rock  at  Fortinlio,  Although  this  calcare- 
ous sandstone  of  the  port  of  Aracat,^  does  not  form  the  tvpical 
low,  narrow  reefs,  it  docs  resemble  the  sandstone  of  Ponta 
Cai^ara.* 

The  presence  of  a  sandstone  reef  in  the  harbor  of  Fortaleza  is 
mentioned  in  a  report  on  the  betterment  of  the  port,  published 
in  1875. t  The  reef  described  is  apparently  in  the  locality 
now  occupied  by  a  breakwater  that  was  built  in  an  unsuccess- 
ful attempt  to  form  a  quiet  harbor.  No  evidence  of  a  reef 
was  seen  along  this  wall  in  1913,  but  small  areas  of  iron- 
cemented  sand  and  gravel  along  the  neighboring  shore  indicate 
that  (he  reef  is  of  this  material  rather  than  of  calcareons  sand- 
stone. At  two  places  along  the  beach  between  Fortaleza  and 
I'onta  Mncuripe,  4  miles  to  the  east,  however,  small  masses  of 
fine-grained,  very  firmly-cemented  gray  to  pale-yellow  beach 
sand  were  seen,  partially  buried  at  about  half-tide  level ;  while 
near  the  point,  similar  small  masses  of  hard,  fine-grained  sand- 
stone are  firmly  cemented  to  the  red  iron-sandstone  in  cavities 
and  seams,  where  the  sand  has  evidently  been  blown  from  the 
adjacent  dunes  by  the  wind.  It  would  appear  that  under 
favorable  conditions  small  masses  of  beach  sand  deposited  on 
the  iron-cemented  sands  may  become  firmly  consolidated  by 
calcareous  material. 

On  the  western  side  of  the  harbor  of  Camocim  several 
blocks  of  the  typical  calcareous  sandstone  are  exposed  on  the 
beach  }  to  1  mile  north  of  the  northernmost  shipping  pier. 
Although  it  is  situated  well  within  the  river  mouth  which 
forms  the  harbor,  the  material  very  closely  resembles  the 
typical  reef  material  in  texture  and  composition.  It  does  not 
form  banks  or  cliffs,  as  does  the  calcareous  material  at  Fortinho. 
The  occurrence  of  calcareous  sandstone  at  Camocim  is  the 
westernmost  that  was  seen  by  the  writer.  There  is  none  for  a 
distance  of  8  miles  farther  west  along  the  coast  from  this  city, 
and  though  small  patches  may  exist  beyond,  inquiry  among 
the  fishermen  at  Camocim  failed  to  yield  any  information  on 
the  matter.  The  material  was  rot  observed  at  the  harbors  of 
Amarra^ao,  Tutoya  and  Mai-anh&o,  respectively  60,  100  and 
250  mites  west  of  Camocim. 

*  At  aevsTtil  pUcea  on  the  beach  behind  the  iand  bar  which  pt«v«utri  amaU 
coasting  ateamere  from  entering  the  harbor  at  Fortinho  sicept  on  tba  highett 
tides,  black  clay,  th«  remnant  of  a  mangrove  area,  ie  eipoeed,  and  raaemble* 
at  a  short  distance  a  low  reef. 

^  Melhoramento  doa  Portoi  do  Brazil,  Relatorio  de  Sir  John  Hawkahaw, 
pp.  89-91,  Rio  de  Janeiro,  1875. 
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Ibon-Cembnted  Sandstone. 
Cuffs. 

Prrtctically  the  entire  coast  northward  from  Rio  Grande  to 
Norte  is  bordered  bv  tlie  red  and  par-ti-colored  sands  and  sandj 
clays,  probably  of  Tertiary  age,  which  also  border  the  coast  for 
many  miles  southward  from  that  place.  Along  perliaps  the 
greater  part  of  the  coast  to  the  north  these  colored  sedinients 
are  obscured  by  drifting  beach  sands,  but  in  many  places 
they  form  cliffs  which,  though  ordinarily  less  than  50  feet  in 
height,  are  prominent  features  of  tlie  low  coast  line.  The 
limestone  wliich  underlies  these  sediments  and  is  exposed  a 
few  miles  inland,  is  seen  near  the  beach  at  only  two  localities. 
One  locality  is  near  Fazenda  As  Mogas,  25  miles  east  of  Macdu 
and  \\  miles  from  the  beacli,  where  a  flat  surface  of  hard, 
gray,  fossiliferous  stone  is  exposed  over  an  area  several  hun- 
dred yards  in  diameter,  beyond  the  extremity  of  a  tidal  inlet. 
The  other  exposure  is  8  miles  farther  west,  in  the  channel  of 
another  tidal  inlet,  at  the  base  of  a  low  bluff  of  the  colored 
sediments. 

In  several  places,  notably  at  Ti-es  Irmaos,  the  sedimentary 
cliffs  form  headlands  against  which  the  surf  beats,  but  in  other 
places  they  are  not  prominent  features  on  the  map.  In  tlie 
reentrant  a  few  miles  northwest  of  Cabo  Sao  Koque,  cliffs  of 
the  red  eedtnients  rise  from  the  surf  to  heights  of  20  to  30  feet, 
but  at  the  cape  itself  there  is  no  cliff.  Large  knolls  of  light- 
colored  sand,  partly  brush -covered,  trend  uniformly  northwest 
at  this  place,  while  the  beach  around  the  cape  is  protected  by  a 
wide  fringe  reef  of  iron-cemented  sand.  The  material  of  the 
coastal  cliffs  varies  in  character  from  place  to  place  and  in  the 
several  layers  exposed  in  a  single  cliff.  The  various  shades  of 
yellow  and  red-brown  due  to  iron  prevail,  but  in  some  places  the 
material  has  a  mottled  appearance  caused  by  small  patches  of 
white  or  pale-yellow  sandy  clay  in  the  mass.  It  seemed  to  the 
wi'iter  that  the  prevailing  color  of  the  cliffs  north  of  Rio  G-rande 
do  Norte  is  considerably  darker  than  is  that  of  the  cliffs  south 
of  this  port.  It  is  worthy  of  especial  note  that  no  shales  were 
seen  at  any  part  of  the  coast  north  of  Rio  Grande  do  Norte, 
though  shales  are  fouod  at  numerous  places  farther  south. 

The  cliffs  northwest  of  Cabo  Sao  Roque  expose  sections 
approximately  as  shown  in  figure  8a  and  b,  while  a  low  cliff 
22  miles  in  a  direct  line  northwest  of  the  cape,  between  the 
villages  of  Peroaba  and  Carnauhinlia,  exposes  cross-bedded 
sands  as  shown  in  figure  8c.  Other  cliffs  northward,  notably 
those  at  Tonroa,  Ponta  Kedncto  and  Tres  Irmaos,  do  not  show 
dietinct  beds,  the  material  being  consolidated  as  a  whole  with 
only  local  differences  in  color,  hardness  and  texture.     These 
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local  differences  induce  weathering  into  more  or  leee   fluted 
columns  and  into  caverns.* 

The  highest  clifi  along  the  northeast  coast  of  Brazil  is  that 
of  Ponta  Mel,  between  Mac^ii  and  Areia  Branca,  the  light- 
house which  stands  on  the  point  being  nearly  300  feet  ahove 
the  sea.  The  cliff  itself  forms  only  the  upper  half  of  the 
point,  rising  above  great  dunes  and   winrows   of  sand,  as  is 

Fio.  8. 


shown  in  figure  9.  The  section  exposed  is  approximately  as 
in  figure  10.  Ponta  Redonda,  a  few  miles  fartlier  west,  is  only 
25  or  30  feet  high.  It  is  of  mottled  sandstone,  mainly  purple 
in  color,  but  with  markings  of  lemon-yellow  and  of  yellow 
bordered  by  white.     Caverns  have  been  formed  in  tlie  material, 


r  Natal,  which  h»ie 
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and  the  resulting  protected  Burfacea  are  studded  with  sabaogu- 
lai-  quartz  pebbles  up  to  an  inch  in  size.  Fallen  blocks  form 
a  breakwater  along  the  front  of  the  cliff  (tig,  11).  These 
blocks  contain  numerous  seams  which  are  Jilled  with  pebbles 
and  shells  cemented  together  with  lime  carbonate,  while  a  few 
seams  J  to  4  inches  wide  are  tilled  with  small,  silvery-white 
mollnsk  shells  closely  matted  together  as  if  they  had  grown 
thus. 

On  the  slopes  behind  the  cliffs  at  Trea  Irmaos  the  surface  is 
dotted  with  fragments  of  calcified  brush  roots  and  branches. 


Fta.  9.     Ponta  Mel  as  seen  frum  a  coastiiig  steamer.  * 

Some  of  the  fragments  attain  the  size  of  a  man's  arm,  and 
many  can  hardly  be  distinguished  by  sight  alone  from  thcasso- 
ciated  fragments  of  wood.  This  form  of  petrifaction  appears 
to  have  been  effected  while  the  bushes  were  covered  by  dune 
sand,  which  has  now  drifted  past  and  left  them  exposed  again. 
Some  calcareous  matter  lias  also  penetrated  downward  into  the 
sandstone  of  the  cliff  and  is  seen  as  lighter-colored  masses.  In 
the  dune  areas  near  Ponta  Redncto  and  Ponta  Mel  similar 
calcitied  fragments  were  seen,  less  well-developed,  and  in  a 
wide  expanse  of  dnn-colored  dunes  and  sand  knolls  about  half- 
way between  Ponta  Jacare  and  MacAu,  beyond  the  inland 
reach  of  the  tidal  inlets,  considerable  areas  are  dotted  by  whit- 
ened and  sand-worn  conch  shells  and  by  bone-white  fragments 
of  lime  carbonate  that  resemble  roots  and  twigs. 

Reefs. 

In  practically  every  place  where  cliffs  have  been  formed 
along  the  coast,  a  fringe-reef  of  the  same  material  extends  out 
into  the  water.     In  a  few  places  there  is  very  little  difference 

Am.  Jour.  Sci.— Focbtk  Sbrirs,  Vol.  XXXVII,  No.  231.— Mat,  1914. 
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15-t-  Bed,  sandy  graTel. 

1%  Rusty  qnHrlE  gravel. 

13  Red,  sandy  gravel. 

S  BoBiy  qneita  grsvel, 

8  Coarse,  mottled  sands 

1%  Purple  sandstone. 

16  Red.  gravelJy  Bandstone. 

13  Beddish-puTpte  satidstone. 

2^  "  Patterned  Bandstone." 

2!>2  Beddisb-pnrple  sandstone. 

1 J  2  "  Patterned  ssndstone. " 

5  Reddisb-pniple  sandstone. 

6  "Patterned  sandstone." 
10  Beddish-porple  sandstone. 

6         ''Patterned  sandstone." 
10       Reddish. pnrpie  Baodsione. 
SO        Pniple  sandstone. 
160  ±     Probably  brick -red  and  mottled  sandstone,  bat 

obscored  by  dune  sand.     The  lower  slopes  hsTe 

38BJ^     many  fragments  of  shells  and  of  lime  carbonate. 

A  reef  of  mottled  sandstone  is  exposed  at  low  tide. 

The  "  Patterned  sandstone  "  diCFers  from  the  nsnal  mottled  saDdstoue  in 

having  a  mottling  that  somewhat  resembles  the  crystal  pattern  on  a  polished 

snrface  of  meteoric  iron.     The  colois  are  lemon-yellow,  white  and  pink,  in  a 

ground  of  blDish-pnrple.     It  is  softer  than  the  reddish -pnrple  sandstone. 
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in  texture  and  hardneBe  between  the  material  of  the  reefe  and 
that  of  the  diffs;  but  in  most  places  the  reef-forming  portion 
is  harder,  heavier  and  more  nearly  rust-color,  and  it  appears 
tl)at  concentration  of  the  iron  has  taken  place  in  those  places 
snbjeeted  to  the  action  of  the  sea-water.  In  many  places  where 
the  red  sandstone  is  not  in  evidence  as  cliffs,  reefs  of  the 
material  are  exposed  along  the  shore,  and  probably  the  greater 
number  of  the  reefs  along  the  northeast  coast  of  Brazil  are  of 


FiQ.  11.     Blocks  of  iron-cemetited  BUiditone  at  font*  Bedonds. 

this  material.  The  approximate  extent  of  these  reefs  along 
the  portion  of  the  coast  under  consideration  is  indicated  on  the 
general  map  of  PI,  IX,  They  are  also  present  farther  to  the 
north  and  to  the  sonth.  In  many  places  the  material  is  an 
iron-cemented  gravel,  rather  than  a  sandstone ;  but  it  appears 
to  be  made  ap  of  fragments  of  the  coastal  sandstone,  recemented 
together.  The  wide  distribution  of  the  iron-cemented  reef- 
f  orining  material  is  notable.  It  is  exposed  at  the  base  of  a  clifF 
of  light-colored  sediments  on  the  north  side  of  the  harbor  of 
Maranhao,  250  miles  west  of  Oamocim,  and  extends  far  toward 
the  channel  of  the  harbor  at  low  tide.  At  the  immediate  base 
of  the  cliff  there  are  bowlders  in  which  the  iron  is  heavily  con- 
centrated. Even  along  the  Amazon  Kiver  the  concentration 
of  tiie  iron  at  or  about  tide  level  seems  to  have  taken  place  in 
the  red  sediments,  as  is  shown  notably  at  the  base  of  a  bluff 
on  the  north  bank,  700  miles  above  the  river's  month,  between 
the  villages  of  Parintins  and  Itacoatiara. 
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In  a  few  places,  notably  at  Tonros,  Fonta  Reducto  and  Tres 
Irmaoe,  the  layer  or  zone  that  has  been  hardened  by  the  conceo- 
tratioD  of  the  iron  riseB  a  number  of  feet  above  sea  level,  bat 
in  most  places  the  hardened  layer  is  only  a  little  above  high 
tide  limit,  as  is  shown  in  a  reef  near  Sao  Jos^.  The  preva- 
lence of  the  hardened  material  and  its  presence  only  at  abont 
sea  level  sug^reat  that  the  concentration  of  the  iron  in  the  iron- 
cemented  sandstone  has  taken  place  in  similar  manner  to  that 
of  the  lime  carbonate  in  the  calcareons  sandstone  reefs.  In  the 
case  of  the  latter  Dr.  Branner  has  shown*  that  the  lime  is 
deposited  along  the  zone  of  contact  of  the  fresh  with  the  salt 
water.     Similarly,  when  fresh  water  that  has  percolated  down- 


Fio.  13.     IroD  cemented  sandHlone  reef  near  Sio  Jose. 

ward  throngh  the  iron-iiupregnatcd  sediments  and  dissolved  a 
slight  amount  of  the  iron  cunies  in  contact  with  the  salt  water 
of  the  ocean,  it  probably  drops  its  iron,  which  thus  becomes 
concentrated  at  about  sea  level.  It  seems  that  some  such 
action  must  have  taken  place  in  order  to  produce  the  extensive 
fringe-reefs  of  the  material  that  are  in  evidence  at  places  where 
landward  the  sediments  are  obscured  by  drifting  sand.  The 
fact  that  such  concentration  and  cementing  is  still  going  on 
at  about  sea  level  appears  to  be  shown  at  numerous  reefs 
which  are  dotted  with  fragments  of  sandstone,  all  (irmly 
cemented  to  the  reef  sni-face.T 

At  a  few  places  a  layer  that  has  been  hardened  by  concen- 
tration of  the  iron  is  also  found  in  the  red  sediments' some  dis- 
tance inland  from  the  beach.  Fonta  Moreego,  2  miles  southeast 
of  the  center  of  Natal  (Rio  Grande  do  Norte),  is  of  iron-eemeuted 
sandstone  in  which  the  iron  has  been  concentrated,  and  within 

"The  stone  reefs  of  Brazil,  Bull.  Mns.  Comp.  Zool.,  Qeol.  vii,  p.  |93. 190*. 

\  This  feature  has  been  mentioned  by  Jenkins  {Geoltwy  of  the  region  abont 
Natal),  Proc.  Ara.  Phil.  Soc,  Sept.-Oct.,  1913,  p.  34. 
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the  citj  itself  irregnlar  masses  of  the  material  several  feet  thick 
are  exposed  io  low  bluffs  near  the  harbor,  a  short  distance 
above  tide  level.  The  material  was  also  encountered  at  ap- 
proximately sea  level  in  nearly  every  one  of  about  50  wells 
that  had  been  drilled  in  the  upper  part  of  the  city  prior  to 
1913  ;  bnt  so  far  as  could  be  determined  by  eAamination  of  the 
well  records,  the  material  is  thinnest  in  the  wells  most  distant 
from  the  harbor.  It  was  not  encountered  in  wells  sunk  in  the 
lower  part  of  the  city  (below  the  exposures  in  the  bluffs); 
neither  was  it  met  in  a  well  sunk  in  the  lowland  across  the 
harbor  channel,*  nor  in  excavations  made  to  depths  of  more 
than  50  feet  in  the  channel  itself  for  the  piers  of  a  railroad 
bridge.  At  the  farther  side  of  a  wide  flat  across  the  harbor 
from  Katal  the  hard,  iron-cemented  material  is  exposed  near 
the  base  of  a  red  sandstone  bluff,  but  a  bed  which  appears  to 
be  a  continuation  of  the  material  exposed  in  the  bluff  is  seen 
to  thin  out  landward,  along  a  railroad  cut  which  ascends  the 
slope.  About  20  miles  south  of  Katal,  in  bluffs  borderinf^  a 
tidal  inlet  or  lagoon,  broken  masses  of  the  iron-cemented  sand- 
stone show  the  presence  of  a  layer  2  or  3  feet  thick,  but  on 
tracing  it  inland  by  occasional  fragments  along  a  railroad  cut, 
their  decreasing  size  indicates  tliat  the  hardened  layer  rapidly 
thins. 

A  few  miles  east  of  Fortaleza  much  indurated  iron-sandstone 
is  exposed  on  the  shore  as  low  bluffs  and  fringe  reefs.  About 
1^  miles  inland  the  material  was  encountered  in  a  well  at 
a  depth  of  6  feet,  which  well  was  continued  to  a  depth  of  16 
feet  without  passing  through  it.  This  well  is  300  yards  from 
the  margin  of  a  tidal  l^oon.  The  material  is  also  exposed  in 
a  pit  100  yards  nearer  the  lagoon,  at  a  depth  of  only  2  feet, 
and  although  it  was  not  found  along  the  boraer  of  the  lagoon, 
springs  of  fresh  water  issue  a  few  feet  above  the  margin,  prob- 
ably from  about  the  upper  surface  of  the  impervious  material. 

the  eastern  side  of  the  harbor  of  Camocim  is  bordered  by 
large  sand  dunes  that  are  continually  encroaching  on  the  water 
and  effectually  cover  the  underlying  formation.  To  the  west, 
however,  the  immediate  coast  is  low,  though  backed  by  dunes, 
and  is  bordered  for  several  miles  by  a  nearly  continuous  reef 
of  iron-cemented  sandstone.  Springs  of  fresh  water  issue  at 
numerous  places  along  the  beach  below  high-tide  level.  There 
is  a  wide  fringe  reef  of  the  sandstone  along  the  beach  near  the 
Camocim  lighthouse,  but  at  the  light,  which  is  175  yards  back 
from  the  beach,  good  water  is  obtained  at  approximately  sea 
level  in  a  shallow  well  in  which  rock  was  not  encountered. 
The  well,  however,  is  possibly  not  deep  enough  to  determine 
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whether  or  not  the  iron-cemented  rock  exists  at  this  place. 
Two  welle  that  were  drilled  to  depths  of  more  than  50  feet  at 
Camociin,  2  or  <)  miles  from  the  ocean  and  several  hnndreil 
yards  from  the  liarlwr,  did  not  encounter  iron -cemented 
material. 

Although  the  evidence  here  advanced  is  slight,  it  is  believed 
by  the  writer  that  the  iron-cemented  materia!  which  forms 
moat  of  the  fringe  reefs  and  probably  some  of  the  off-shore 
reefs  as  well,  is  not  a  definite  bed  in  the  Tertiary  coastal  sedi- 
ments, but  is  a  hardened  phase  in  them  prodnced  by  the 
concentration  of  the  iron;  and  that  this  concentration  and 
hardening  is  limited  to  approximately  sea  level  and  extends 
only  a  short  distance  back  from  the  shore. 

Coral  Reefs. 

In  addition  to  living  coral  reefs  which  exist  off-shore  between 
Rio  Grande  do  Norte  and  MacAu,  a  few  reefs  that  now  join 
tlie  land  have  their  upper  portions,  at  least,  composed  of  dead 
coral  material.  These  reefs  are  here  noted  chiefly  to  extend 
northward  the  records  of  Dr.  Branner  on  the  presence  of  such 
reefs  and  the  evidence  that  they  fnrnisli  of  a  comparatively 
recent  slight  elevation  of  the  coast.  The  corals  can  have 
grown  only  when  they  were  under  the  ocean  water  most  of  the 
time,  and  the  presence  at  some  places  of  their  remains  entirely 
ont  of  water  shows  that  the  coast  at  those  places  has  been 
uplifted  a  sntBcient  amount  to  bring  the  corals  into  their 
present  position  relative  to  sea  level. 

An  organic  formation  that  is  not  coral  but  which  seems 
worthy  of  mention  is  a  soft  stone  formed  by  worms  that 
cement  together  grains  of  beach  sand.  This  material  was 
observed  at  only  two  places :  on  blocks  of  iron  sandstone  on 
the  beach  at  Ponta  Moreego,  and  to  lesser  extent  on  rocks  at 
Ponta  Genipabii  a  few  miles  northward.  JJr.  Branner  men- 
tions having  observed  the  material  farther  south,  it  I>eing 
especially  well  developed  near  Bahia  Formosa,  45  miles  south 
of  Ponta  Moreego. 

The  outer  portion  of  the  fringe  reef  at  Ponta  Genipabu  is 
overlain  by  flat-topped  masses  that  are  covered  to  a  thickness 
of  several  inches  with  brown,  calcareous  tnbes  and  the  i-emaius 
of  other  forms  of  sea  life.  It  is  the  only  reef  where  such 
material  was  seen.  The  main  part  of  the  reef  is,  however,  of 
the  common  iron-cemented  sandstone. 

About  three  tniles  westward  from  the  village  of  Cajneira  a 
blnff  which  rises  at  the  upper  edge  of  the  beach  to  a  height  of 
8  or  10  feet  exposes  for  several  yards  a  cream-colored  to  rnst- 
colored  rock  that  apparently  consists  of  quartz  grains  cemented 
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together  by  tlie  remains  of  coralline  animals.  A  smaHer 
amoimt  of  this  same  material  wa,s  noted  on  the  surface  of  a 
wide  reef  of  iron-cemented  sandstone  about  two  miles  farther 
northwest,  within  the  reach  of  liigh  tide.  Similar  material 
forms  a  reef  near  Marcas,  16  miles  farther  west,  but  at  this 
latter  place  it  is  more  firmly  consolidated. 

Ponta  Santo  Christo  is  bordered  by  a  low  reef  of  compact, 
pale-yellow  coral  that  joins  the  beach  and  is  uncovered  for  a 
width  of  several  hundred  yards  at  low  tide.  No  iron-cemented 
sandstone  was  seen  at  the  point,  bDt  within  the  cove  westward 
from  it  the  usual  sandstone  is  exposed. 

The  point  near  tlie  little  settlement  of  Marcas  is  fringed  by 
a  wide  reef  of  hard,  pale-yellow  to  cream-colored  rock  that 
appears  to  be  of  qnarta  grams  and  pebbles  cemented  by  coral- 
line remains.  No  other  rock  was  noted  beneath  it.  At  low 
tide  the  material  is  uncovered  for  fully  half  a  mile  westward 
from  the  beach,  in  a  small  cove  or  bay,  and  stands  about  two 
feet  above  the  water.  Beyond  the  cove  the  reef  reappears 
along  the  shore  for  sevei-al  liundred  yards  and  extends  200  or 
.^00  yards  seaward  at  low  tide.  Tins  western  portion  consistB 
of  compact  pale-yellow  coral  containing  a  few  fossil  shells* 
and  a  very  little  sand.  It  is  the  westemmoBt  coral  formation 
that  was  seen  along  the  coast. 

SuHMARY. 

In  addition  to  the  observations  on  various  reefs  north  of  Kio 
(:rrande  do  Nortfi  which  are  given  in  the  preceding  pages,  an 
attempt  has  also  been  made  to  incorporate  those  points  of  wider 
interest  which  were  noted  concerning  the  geologic  features 
exhibited.     These  may  be  summarized  as  follows: 

1.  Off-shore  reefs  of  calcareous  sandstone  are  less  well- 
developed  north  of  Rio  Grande  do  Norte  than  they  are  south 
of  that  place.  The  principal  cause  for  this  absence  of  promi- 
nent calcareous  reefs  in  the  nortliern  region  is  believed  to  he 
absence  of  streams  of  considerable  size  entering  the  ocean. 
Beach  reefs  or  lithitied  beaches,  however,  are  more  common 
northward,  for  the  fresh  water  tliat  slowly  percolates  from  the 
land  to  the  shore  encounters  the  salt  water  at  the  beach.  The 
tendency  has  therefore  been  for  it  to  deposit  its  lime  in  the 
beach  sands,  and  this  action  has  taken  place  on  a  considerable 
scale  where  lithified  beaches  have  been  formed. 

2.  Beyond  where  the  coast  swings  from  a  northerly  to  a 
westerly  course,  inland  I'emnants  of  reefs  and  lithitied  beaches 
become  more  common,  as  the  prevailing  westerly  wind  there 

■The  two bMt-preserved  ahella  were  kindly  identtflttd  bf  Dr.  W.  H.  Dall 
M  Ijiptoth}ira  albida  Watson,  and  Botitla  cinnantomea  Lamarck,  both 
being  of  species  living  at  present  io  the  AutilleB. 
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becomes  more  effective  in  irmkiiif;  slight  alterations  in  the 
beacli  line,  and  in  some  places  lias  bailt  out  tbe  beach  beyond 
what  its  position  was  at  the  time  of  ita  lithification. 

3.  Fonta  Cai^ra  marks  the  western  limit  of  the  tfpical  reefs 
or  lilhified  beaches,  but  at  a  number  of  localities  farther  west 
similar  hardening  has  taken  place. 

4.  The  iron-cemented  Tertiary  sands  and  clays  border  the 
coast  for  practically  the  entire  distance  between  Ttio  Cirrande 
do  Norte  and  Camocim,  (Tliey  aiso  extend  along  the  coast  for 
many  miles  beyond  these  points.^  At  a  number  of  places  the 
sediments  form  relatively  low  out  prominent  cliffs,  but  for 
long  stretches  they  are  obscured  by  beach  sands.  The  lime- 
stone that  underlies  the  sandy  sediments  was  observed  in  only 
two  places,  near  each  other.    Shales  were  not  seen  at  all. 

5.  Dead  eoral  reefs  attached  to  the  land  were  seen  at  a  few 

Places,  the  westernmost  being  a  short  distance  beyond  Marcas. 
hey  furnish  unquestionable  evidence  of  slight  elevation  of 
this  portion  of  the  coast. 

U.  S.  Oeolo^cal  Sarrej,  WashingtOD,  D.  C. 
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Abt.  XXXI. — Note  on  a  Netc  Meteoric  Iron  from  Mount 
£dith,  Aahhurton  Digtrict,  West  Australia;  by  W.  M. 
PooTB. 

This  meteorite  was  found  April  20tli,  1913,  by  Mr.  James 
Boarke  of  Boolaloo  Station,  Ashburton,  W.  A.    Mr.  Boarke 


Pig.  1.  De«p1;  pitted  aide.  x  1/6  diameter. 

states  tbat  it  was  met  witli  in  tlie  country  scliist,  buried  in  an 
upright  position  ;  about  five  inches  of  the  thinnest  edge  showed 
above  the  snrface.  The  locality  is  near  Mount  Edith,  which  is 
situated  in  116°  10'  E.  and  22°  3D'  S.,  being  well  within  the 
tropic  of  Capricorn,  About  80  milea  to  the  northwest  is  the 
post  town  of  Onslow  and  about  16U  miles  to  the  northeast  is 
another  coast  town,  Roebourne,  Tiiere  is  no  record  of  other 
ineteonc  finds  nearer  than  that  of  the  Koebourne  iron  100 
miles  distant.  For  the  foregoing  data  I  am  indebted  to 
Mr.  Harry  I*.  Woodward  of  Perth,  W,  A.    The  mass  was 
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recently  acquired  by  the  Foote  Mineral  Co.  ol  Fhiladelpliia. 
It  is  proposed  to  designate  the  fall  m  "  Moimt  Edith." 

The  meteorite  weighed  complete,  161  kilofrrams  or  355 
poniids  avoii-dapois.  Its  average  dimensions  are  about  45  X 
40x12^  (18X16x5  in.)  and  its  overall  dimensions  62x55 X 
20""  (25X22X8  in.)-     It  has  an  irregularly   triangular  flat 


Fia.  3.  BrtHuily  pitted  reTerae  Hide.  x  1/6  diam«t«r. 

shape,  suggesting  a  broad  Indian  arrow-liead.  In  tigs.  1,  2,  3. 
the  blunt  point  of  the  arrow-head  is  at  tbe  top,  the  thin  rear 
edge  at  tbe  bottom.  The  center  of  gravity  being  nearer  the 
thickest  point,  and  this  being  deeply  imbedded  in  tiie  rocky 
ground,  was  probably  the  front  in  flight.  The  long  thin  edge 
would  thas  form  the  rear  iu  flight.  Such  an  orientation  may 
be  further  confirmed  by  the  fact  that  with  a  fairly  uniform 
distribution  of  hard  schreibersite  and  troilite  throughout  the 
mass,  the  iron  is  very  much  harder  in  the  front  tlian  in  the 
middle  or  rear.    It  requires  three  to  four  times  as  long  to  saw 
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tlirongh  a  eqnare  inch  in  the  former  area  as  in  the  Iatt«r.  One 
explanation  of  this  variation  is  that  the  front,  being  subjected 
to  greater  heat  during  tbe  atmospheric  passage,  was  tempered 
to  a  alight  depth  below  tlie  sui'face. 

One  of  the  two  broad  sides  (fig.  1)  is  marked  by  four  nearly 
hemispherical   pits  about  12  to  15™  across  and  7  to  8""  deep. 


Fia.  3.     View  ontliiiiug  pits,      x  1/6  diameUr. 

the  central  one  at  tlie  rear  almost  perforating  the  mass.  At 
the  bottom  of  this  bowl-shaped  "  pot-hole,"  tlie  oxidized  crust 
doe  to  terrestrial  mating  ia  over  1™  thick.  In  general,  how- 
ever, the  reddifili-brown  crust  is  only  1  or  2  millimeters  in 
thickness.  There  is  no  evidence  whatever  of  any  snrface  flow- 
ing or  melting  of  the  iron.  The  remainder  of  the  surface, 
including  the  revei-ae  broad  side,  is  quite  covered  by  shallow 
depressions  and  low  prominences.     These  lesser  pits  are  2  to 
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10™  across  and  less  than  one-half  as  deep  as  their  kteral  radius. 
On  the  thick  edge  of  the  iron  shown  in  the  extreme  left  comer 
of  fig.  1  is  a  pit  about  2™  hroad  and  2™  deep,  due  to  the 
aerial  burning  out  or  terrestrial  oxidation  of  a  surface  nodole. 
The  heavj  oxidation  in  the  large  deep  pit  indicates  that  the 
meteorite  did  not  fall  recently. 

After  making  caste,  the  mass  was  sawed  at  Philadelphia  in  a 
direction  that  would  outline  the  deeper  pits  in  cross  section 
(fig.  4).  The  iron  is  exceptionally  hard,  due  in  part  to  the 
presence  of  occasional  patcLes  and  thin  leaves  of  schreibersite. 
On  the  etched  surface  these  appear  as  long  needles,  one  meas- 
uring 76°"°  long  and  only  1  to  2"""  broad.  This  mineral  also 
encases  some  of  the  nodules  of  troilite  (fig.  5)  which  are  fre- 
quent and  range  up  to  3'5"°  in  length ;  some  at  the  surface  are 
exposed  on  sawing.  The  largest  so  far  uncovered  (fig.  5) 
includes  small  rods  and  nodules  of  olivine  about  2  to  S*"*"  across. 
The  olivine  appears  to  be  opaque  brownish-black,  but  nnder 
the  microscope  shows  a  yellowish -brown  tranelucency  and 
internal  reflections.  Another  inclusion  shows  as  dark  capillary 
lines  abont  2'"  long,  separating  two  parallel  bands  of  kamacite. 
These  minute  fissnre-like  plates  lie  on  edge,  sometimes  in  par- 
allel series  and  again  without  regular  arrangement.  Wlien 
etched  or  broken,  the  iron  is  light  gray.  Polishing  and  etch- 
ing with  dilute  nitric  acid  brings  out  the  structure  of  a  medium 
octahedrite,  the  kamacite  bands  mostly  ranging  between  0'5 
and  I'S""  broad.  These  are  strongly  outlined  By  the  brighter 
taenite,  the  two  making  up  the  greater  part  of  the  mass.  The 
predominance  of  kamacite  bands  and  the  relative  scarcity  of 
plessite  groundniass  tends  to  slightly  confuse  the  otherwise 
very  striking  Widmanstatten  figures.  Two  full  size  photo- 
graphs of  the  same  slab  illustrate  a  common  feature  of  meteoric 
irons.  Fig.  5  shows  the  soft-toned  kamacite  and  plessite  which 
are  prominent  in  most  lights.  Fig,  6  shows  the  same  subject 
held  at  an  oblique  angle  to  catch  the  fullest  reflections  of  the 
more  brilliant  taenite  and  schreibersite,  thus  obscuring,  in  part, 
the  main  constituents.  The  taenite  is  uniformly  distributed 
throughout  the  mass.  Its  variation  in  fig.  6  is  due  to  the 
etched  surface  not  being  perfectly  level.  Even  the  condensa- 
tion of  moisture  from  breathing  on  a  polished  surface  momen- 
tarily develops  well-marked  figures  of  kamacite  and  plessite. 

On  comparing  the  Mount  Edith  iron  with  over  two  hundred 
meteorites,  a  close  resemblance  to  the  Bella  Roca  (Mexico) 
iron  was  observed.  This  likeness  extends  to  all  of  the  crystal- 
line features,  except  the  dark  capillary  lines  before  referred  to. 
Bella  Roca,  however,  according  to  Whitfield,  contains  1*53 
per  cent  less  nickel  and  1'98  per  cent  more  iron  than  Mount 
Edith. 
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Pio.  4.     SliCB  partly  oatlining  deep  pits.  x  1/3  diameter. 
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Fig,  3.     Showii^  kamacite  and  plessite.  x  1  diameter. 
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Fio.  R.  Same  slioe  at  an  oblique  angle,  reflecting  taeniU  and  scbreiberaite. 
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The  nearest  known  g^of^rapbical  neighbor  among  irons  is 
the  Roebourne,  found  in  1894:  two  linndi-ed  milea  southeast  of 
the  townof  Koeboiirnennd  twenty  miles  from  the  Hammersley 
Range,  118°  E.,  22°  20'  S.  This  place  is  about  100  miles  east 
of  Mount  Edith.  Their  points  of  difference  are  numerous  and 
fully  differentiate  the  two  falls.  While  a  medium  octahedrite, 
Boebounie's  figures  are  much  dimmed  by  a  schiller-like  or 
flaky  straeture.  It  contains  few  troilite  nodules  and  these  are 
smaller  than  in  Mount  Edith.  Roebourne  contains  little 
schreibersite  and  also  carries  1*12  per  cent  less  nickel  and  1-414 
per  cent  more  iron  than  Mount  Edith.  The  Ballinoo  iron, 
found  3U0  miles  to  the  south,  has  only  0'6  per  cent  less  nickel 
and  0'4  per  cent  mora  iron  than  Mount  Edith,  but  is  totally 
unlike  the  latter  hi  other  respects.  Ballinoo  is  one  of  the 
tinest  octahedrites,  the  figures  being  barely  visible. 

An  analysis  oF  tlie  Mount  Edith  iron  was  made  bv  Mr.  J. 
Edward  Whitheld  of  the  firm  of  Booth,  Garrett  &  Blair, 
Philadelphia.     Tlieir  report  follows : 

Iron  (direct) 89  500!^ 

Nickel 9-450 

Cobalt i)-625 

Phoaphorus 0-316 

Carbon  0-017 

Copper 0013 

Silicon 0005 

Sniphur 0006 

Manganese none 

99-931 

Included  minerals  were  avoided  as  much  as  possible,  and 
only  clean  drillings  of  the  iron  used  for  analysis.  The  material 
insoluble  in  hydrochloric  acid  amounts  to  1-115  per  cent.  Con- 
sidering the  entire  content  of  phosphorus  as  composing  schrei- 
bersite, this  would  indicate  that  210  per  cent  of  this  mineral 
was  present  in  the  iron.     Tiie  specilir  gravity  is  7"86, 

Some  six  months  previously,  Mr.  Edwai-d  I.  Simpson, 
Chemist  in  the  Laboratory  of  the  Geological  Survey  of  West 
Australia,  rejKirted  the  Mount  Edith  iron  as  containing  !)'-15 
per  cent  nickel.  This  complete  agreement  with  Mr.  Whit- 
iield's  later  analysis  tends  to  show  the  uniform  constitution  of 
the  mass  throughout,  as  the  sampling  was  done  at  different 
points.     Such    perfect  concordance   in   the   results   of    inde- 

Eendent  workers  affords  a  pleasing  commentary  on  the  skill  of 
oth. 
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Art.  XXXII. — The  Occurrence  of  Molybdenum,  in  Roeki 
with  gpecial  reference  to  those  of  Hawaii;  by  J,  B. 
Fbroubon. 

SouB  years  ago,  Dr.  W.  F.  HillebraDd,*  by  a  long  seriee  of 
deterniinatioQB,  nbowed  that  vanadinm  was  most  abundant  in 
the  lees  fiiliceouB  rocks,  such  as  basalts,  gabbros  and  diorites; 
while  molybdennm  seemed  to  be  contined  entirely  to  the  more 
highly  siliceous  ones,  the  granites  and  rhyolites,  not  a  trace  of 
this  element  being  found  by  liim  in  the  less  siliceous  rocks. 
It  was,  therefore,  a  matter  of  great  surprise  to  hud  decidedly 
strong  traces  of  molybdenumf  in  two  basaltic  lavas  of  Kilauea 
which  were  analyzed  by  me  for  Day  and  Shepherd.  These 
analyses  have  been  published  in  fnlL^ 

On  going  over  the  list  of  rocks  in  which  molybdenum  was 
searched  for  by  Hillebrand,  it  was  noted  that  he  had  tested 
for  it  only  in  the  more  calcic  and  less  sodic  basalts  and  other 
less  siliceous  rocks,  and  tliat  by  some  chance  not  a  single  test 
for  this  element  had  been  made  by  him  in  nephelite-basanites 
and  other  distinctly  sodic  rocks  in  which  he  had  looked  for 
vanadium.  As  it  is  well-known  that  some  of  the  rare  elements 
are  often  found  associated  with  one  or  other  of  the  more  com- 
mon ones,  zirconium  with  sodium,  for  example,  or  chromium 
with  magnesinm,§  it  seemed  possible  that  this  might  also  be 
trne  of  molybdenum,  and  that  its  presence  in  the  basalts  might 
have  some  connection  with  the  decidedly  sodic  character  of  the 
Kilanean  lavas.  I  therefore  undertook  the  ezamination  of 
some  sodic,  and  especially  nephelite-bearing  igneous  rocks. 
Dr.  H.  S.  Washington  kindly  placed  at  my  disposal  a  sufficient 
supply  of  the  original  material  which  had  served  for  his 
analyses  of  several  such  rocks,  together  with  a  sample  of 
a  leucite  trachyte  exceptionally  high  in  potash,  on  the  chance 
tiiat  molybdenum  might  be  found  associated  with  this  element. 
Dr.  Hillebrand  also  was  kind  enough  to  provide  me  with  some 
of  the  original  material  used  by  him  for  the  analysis  of  a 
Hawaiian  trachyte-obsidian  described  by  Cross.  As  a  matter 
of  convenience,  the  complete  analyses  are  collected  in  the  fol- 
lowing table : 

'Hillebmad,  W.  F.,  Distribntlon  andqnaDtitatiTeoccTHTenceofvuiadiam 
Bud  molrbdennm  lu  rocliH  in  the  United  Statee.  This  Jonnml  (4),  vi,  309, 
1806  I  Ghem.  News,  lixviil,  316,  189S  :  Bull.  U.  S.  Oeol.  Survey,  No.  167, 
p.  49,  1900. 

t  ih.  Hiliebrnnd  w«a  kind  enongh  to  look  at  the  bine  coloration  indloAting 
moljbdannm  found  by  me,  and  to  confirm  my  opinion  that  it  was 
molybdenum. 

(Dsy  and  Shepherd,  Water  and  volcanic  activity,  Ball.  Oeol.  Soc.  Amer., 
ixiT,  57»-606,  pi.  11-27.  1918. 

§Washin^n,  H.  S..  The  diatribntion  of  the  elementB  in  igneona  rocks, 
Trnoi.  An.  Inst.  Hin.  Eng.,  1908,  pp.  735. 

Am.  Jocb.  Sci.— Fourth  Sbriks,  Vol.  XXXVU,  No.  221.— Mat,  1014. 
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62-19 
17-43 
1-65 
3-64 
0-40 

o-aa 

8-28 
603 
0-39 
0-14 
0-08 
0-37 
004 
trace 

0-14 


0-76 
0-12 
none 
4-10 


46-e» 
17»4 
2-fi6 
7-56 
3S2 
7 -86 
Q-36 
2-63 
0-65 


3-92 
none 


trace 
none 


t    99^3      98-84      89-60    100-71  100-48llOO-73 


22-58 
1-54 

21-16; 
1-89 

1-04 

2-04 

0-19 

0-32 

0-74 

3-30 

9-62, 

6-86 

4-89! 

8-42 

O'0O: 

118 

0-07: 

0-24 

1 

0-82 

0-3  ij 

0-11 

on! 

0-04 

none! 

none 



016 

none 

0-02 

..... 

0-08 

tracel 

1 

V-ao 

6619 
20-75 
1-7! 
2-lB 
1-14 
3-63 
2-86 
10-47 
0-70 
0-30 
none 
0-66 


A.  BrmH  (camptonoBe,  111.5.3,4).     HalemitiiiiiaD,  Eilanea. 

J.  B.  Fergnaon,  anat^vat.     Day  and  Shephen],  Ball.  Qeol.   Soc.  Am., 
iiiv,  p.  586,  1813. 

B.  Basalt  (anverj^oBe,  I1I.5.4.5).     Floor  of  crater,  Kilanea. 

J.  B.  Fergason,  analyit.     Da;  and  Sbepbard,  ibid. 

C.  Traciijteobudiaii  (nmptelcoge,  II. S.I. 4}.     FnuWaaWas,  Hawaii. 

W.  F.  Hillebmnd.  analyBt.     W.  CroM,  J.  Geol.,  xii.  514,  1904. 

D.  Nephelite  basanite  (limbargoae,  III. 6.8.4).     Croz  Cat,  OloC,  Spain. 

H.  S.  Waahington,  analyst,  tliis  Jonmal,  xiiv,  289,  1907. 

E.  Eiweiite(eaaaio»a,  XI.6.2.4).     Salem  Neck,  Essex  Connty,  Massachnaetta. 

H.  8.  Washington,  analyst,  J,  Geol.,  vii,  B7,  1899. 
¥.     Nepfaelite  ayenite  (miaalioBe,  1. 6. 1.4).   Salem  Neok,  Essex  Connty,  Maaa. 
H.  S.  Washington,  analyst.     J.  Geol,,  vi,  808,  1898, 
'  O.     Nephelite  syenite  (beemerose,  1,6.1.8).     Uagnet  Cove,  Arkansas. 
H.  S,  WashingtoD,  analyat,  J.  Geol.,  ii.  611.  1901. 
H.     Leucite  trachyte  (Tnlainose,  1,5,2.2).     Lake  Vioo,  near  Vlt«rbo,  Italy. 

H.  S,  Waahington,  analyat,  Carnegie  Pnblication  No.  57,  p.  86,  1006. 

As  full  petrographic  descriptions  of  the  two  Kilaaea  basalts 
have  aot  previously  been  published,  it  will  not  be  ont  of  place 
to  insert  them  here.     Dr.  Whitman  Cross,  who  has  made  a 
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special  study  of  tbe  Hawaiian  lavas,  kindly  nndertook  the 
examination  of  ttie  slides  for  me,  and  his  notes  on  them  are 
given  below  ;* 

A.  iMva  dipptdfrom  the  Pit  of  Halemaumau, 

"Black,  porous,  few  white  and  yellowish  mineral  grains. 
Luster  brilliant  vitreous.     Pores  round  with  glossy  walls." 

"  Microscope :  Glass  predominant,  yellow-brown,  very  fresh. 
Has  few  minute  bubbles ;  some  pores  have  narrow  zones  of 
ferritic  glass  about  them ;  some  are  in  pure  glass.  Fuzzy 
streaks  or  trains,  of  ferritic  substances,  more  or  less  curved, 
conoect  some  pores,  Labradorite,  augite  and  olivine  are  all 
prominent  in  distinct  crystals.  Angite  and  labradorite  tend 
to  form  gronps.  Olivine  occurs  isolated  and  some  are  more  or 
less  markedly  skeleton  crystals.  All  are  qaite  fresh.  Magnet- 
ite is  very  rare  and  is  mostly  included  in  silicate  grains." 

B.  Lava  from  Kilavea  floor.  ' 

"  A  dull  black  finely  porous  lava  with  megaecopically 
abundant  feldspar  and  aogite,  and  less  olivine." 

"Microscope:  There  is  much  labradorite  and  augite  with 
tendency  to  form  groups  of  several  grains  of  each.  Olivine  is 
less  abundant,  but  occurs  in  larger  isolated  crystals  and  is  very 
fresh.  Main  mass  of  rock  is  greatly  obscured  by  ferritic 
material,  but  there  is  rude  development  of  plumose  bundles  or 
radiate  aggregates  of  silicatCB.  These  forms  consistof  labrador- 
ite needles  with  attached  augite  grains,  the  ferritic  substance 
obscuring  their  character.  Both  rocks  are  quite  normal  basalts 
of  the  KUauea  type." 

The  molybdenum  was  determined  in  all  cases  on  5  gram 
samples,  the  procedure^  advocated  by  Hillebrand  being  closely 
followed.  With  reference  to  tlic  ocenrrence  of  molybdenum 
in  tbe  Hawaii  lavas,  it  must  be  remarked  that  in  the  two 
basalts,  A  and  B,  the  molybdenum  tests  were  made  in  dupli- 
cate, and  decidedly  strong  traces  were  found  in  each  case. 
As  especial  precautions  were  taken  in  the  duplicates  to  avoid 
contamination,  the  result  can  not  be  attributed  to  accidental 
impurity.  As  the  amoaat  of  the  trachyte  obsidian  was 
limited,  only  one  test  was  made.  The  amount  found  was 
rather  less  than  in  A  or  B.  The  amount  in  A  exceeded  that 
in  B,  and  an  attempt  to  weigh  it  gave  the  percentage  as  ap- 
proximately .  001.    The  negative  tests  obtained  in  the  other 

*  Atteotion  may  be  oklled  to  the  fact  that  tbe  short  deaoriptioQ  of  these 
lavu  hj  Merwin  (Daj  and  Shepherd,  Ball.  Geo).  Soc.  Amer.,  ziiv,  ST3-606, 
1018)  wae  made  on  the  powders,  aod  not  on  thin  aectioni,  whioh  may  wrre 
to  explain  apparent  discrapanoiea  between  the  two  deecriptiotis. 

tBnll.  U.  S.  Geol.  Snrrey,  No.  488,  p.  150,  1910. 
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rocks,  using  the  same  reagents  as  with  the  Hawaiian  rocks, 
speak  for  the  purity  of  the  reagentB  employed. 

From  these  results,  combing  with  those  of  Hillebrand,  it 
would  therefore  appear  that  while  molybdenum  favors  the 
more  siliceous  rocks  and  is  generally  rare  or  absent  in  the  less 
siliceous  or  more  femic  ones,  vet  in  certain  regions  it  may  be 
present  even  in  the  latter.  The  evidence  at  hand,  so  far  as  it 
goes,  also  indicates  that  the  presence  of  molybdenam  is  not 
correlated  with  high  soda  or  potash  content,  at  least  in  the 
petrographic  provinces  the  rocks  of  which  were  examined. 
Its  presence  in  detectable  amonnts  would  seem  to  be  influenced 
by  regional  characters  rather  than  by  general  chemical  ones, 
except  for  the  pronounced  tendency  toward  association  with 
highly  siliceous  rocks  first  noted  by  Hillebrand.  The  unex- 
pected results  obtained,  however,  indicate  the  advisability  of 
occasionally  searching  for  molybdeanm,  which  is  readily  detect- 
able if  present,  even  though  tlie  analytical  processes  are  some- 
what tedious.  , 

Oeophjgiokl  Lkborator;, 

Ckmegls  Inatitotion  of  WMhinffton, 
Harah,  1914, 
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Art.    XXXIIL— i^Hiito  of  a  Date  Palm  in  the  Tertiary 
Deposits  of  Hittem  Texas;  by  Edward  W.  Bebey. 

So  mnch  Btud;  and  experiment  have  been  devoted  to  makiDg 
practical  the  enltivatioa  of  the  date  palm  in  tbe  hot  arid  sonth- 
we8t*  that  the  recent  discovery  of  the  fossil  fraits  of  a  species 
of  date  palm  in  the  Tertiary  of  eastern  Texas  is  of  exceptional 
interest. 

The  considerable  raoge  of  species  of  Fhoeniz-like  palms  in 
the  south  Enropeaii  Tertiary  has  led  to  tbe  expectation  of  their 
discovery  in  oar  more  tropical  soatheru  Tertiaries  when  these 
sbonld  have  been  thoroughly  explored,  just  as  the  Bread-fruit, 
Cinnamon  tree  and  Nipa  palm  have  been  found  ;  nevertheless, 
tbe  actual  finding  of  proof  of  tbe  former  existence  of  a  date 
palm  in  the  Western  Hemisphere  is  one  of  the  more  spectacu- 
lar incidents  of  tbe  paleobotanists'  work,  since  it  is  likely  to 
attract  more  attention  from  botanists  and  geologists  engrossed 
in  their  own  special  lines  of  study  than  a  tome  of  admirable 
descriptive  paleobotanical  work.  In  order  that  the  presence 
of  tbe  date  palm  in  tbe  American  Tertiary  may  not  remain 
unknown  until  ray  monograpbie  studies  of  our  southern  Ter- 
tiary fioras  are  published,  which  will  be  a  number  of  years 
hence,  I  am  prompted  to  publish  the  present  brief  note. 

In  the  course  of  my  studies  for  the  U,  S.  Geological  Survey 
and  under  tbe  supervision  of  Dr.  T.  Wayland  Vaughan,  I  have 
had  the  good  fortnne  to  receive  collections  of  fossifplants  from 
eastern  Texas  made  under  tbe  direction  of  tbe  veteran  geolo- 
giat,  E.  T.  Dumble,  now  associated  with  the  Southern  Pacific 
Company,  The  material  on  which  the  following  note  is  based 
was  collected  by  Chas.  Laurence  Baker  in  Tmnity  connty, 
Texas,  and  while  not  abundant  contains  both  large  and  smaJl 
seeds  and  a  east  of  the  entire  fruit  of  a  new  species  of  Pboenii- 
like  palm  which  may  with  propriety  be  referred  to  Brong- 
niart's  genns  Pboenicites,  I  propose  to  call  this  species  PAoe- 
nicitei  occidentalis.  It  may  be  described  as  follows :  Fruit,  as 
preserved  in  a  coarse  gray  sandstone,  an  oblate  spheroid  about 
4'"  in  length  by  1'5™  in  breadth.  The  surface  is  longitudinally 
wrinkled,  due  possibly  to  desiccation  before  preservation,  whicli 
may  also  make  the  dimensions  as  given  probably  under  what 
they  were  in  life.  Tbe  flesh  was  relatively  thin  compared 
with  that  of  tbe  cultivated  date  and  must  have  been  of  consid- 
erable consistency  and  fibrous  rather  than  of  the  soft  and 
almost  flnid  character  of  some  of  tbe  modem  varieties  of  the 
latter.  The  seed  was  relatively  large — in  the  above  mentioned 
specimen  it  is  rounded  at  both  ends,  about  3™  in  length, 
'Svingle,  Bull.  B8,  Bureau  of  Plwt  iDdnatir,  Wuhington,  1904. 
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nearly  circnlar  in  trsneverse  Beetion  and  about  1™  in  diameter. 
A  BDialler  specimen  shows  a  length  of  about  2'5™  and  a 
diameter  of  8°"".  Tlie  larger  of  these  seeds  shows  the  central 
hilnm,  the  deep  longitudinal  sidub  on  the  opposite  side,  the 
transverse  lamellatecTstrnctare  exactly  companible  to  that  of  s 
modem  date  seed  and  the  finely  corrugated  surface  coat  iden- 
tical with  that  of  a  dried  seed  of  a  modern  date.  The  smaller 
specimen,  while  not  so  perfect,  shows  the  general  form  and 
einuB  and  tlie  lamellated  structure.    There  can  be  no  doubt 


a 


that  these  remains  are  those  of  a  Phoenix-like  fruit  and  it  is 
confidently  expected  tliat  the  foliage  will  eventually  be  dis- 
covered, in  fact  some  of  the  fragments  of  palm-rays  found  at 
this  and  oth«r  horizons  in  oar  southern  Tertiary  may  repre- 
sent this  foliage.  Petrified  wood  of  Beveral  species  of  palms 
is  exceedingly  abundant  in  these  beds,  and  while  the  study  of 
palm  woods  has  not  progressed  to  a  point  where  one  can  speak 
with  certainty  of  the  generic  relations  of  the  petrified  woods, 
it  is  significant  that  wood  of  several  different  species  occurs  at 
this  horizon. 

While  the  geologic  record  is  confessedly  incomplete,  a  nam- 
ber  of  fossil  species  of  Phoenix-like  forms  hare  been  described, 
in  fact  there  are  more  fossil  than  recent  specicB.  These  are 
usually  referred  to  the  genus  Fhoenicites  of  Brongniart  as  in 
the  present  case,  although  some  students  refer  them  directly 
to  the  genus  Phoenix  of  Linne.  The  previous  fossil  occur- 
rences are  all  European  and  are  based  on  leaves  and  inflores- 
cence. In  1886  Conwentz*  described  a  fiower  preserved  in 
perfection  in  the  Saltic  amber  and  the  stamtnate  mfioreecence 
of  another  species  is  associated  with  splendid  leaves  in  the 
Eocene  of  the  Paris  basin.f  The  oldest  known  form  comes 
from  the  middle  or  upper  Eocene  of  the  Paris  basin,  while  in 

"  Conwentz,  Fl.  BeroateiCLS,  toI.  ii,  p.  6,  pi.  1,  flgs.  6-9,  1886. 
f  Sftporta,  Essai  pi.  foss  arkoses  de  Bri*ea,  p.  2JS,  pi.  1,  1878. 
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the  succeeding  Oligocene  period  the  remains  of  date  palms  are 
abundant  in  (Termany,  Bohemia,  and  especially  in  northern 
Italy,  Tliey  are  present  in  tlie  early  Miocene  of  France, 
Switzerland,  and  Croatia.  A  species  is  recorded  from  the  west 
coast  of  the  Adriatic  in  Pliocene  times  and  the  presence  of  a 
well  marked  form  which  Drnde  calls  Phoenix  aactyliferafos- 
silis,  eince  it  is  so  much  like  the  existing  date,  is  fonnd  in  the 
Pleistocene  deposits  of  the  volcanic  island  of  Santorin  in  the 
vEgean  Sea.    The  latter  occurrence  indicates  that  the  date 


palm  was  endemic  in  at  least  a  part  of  southern  Europe  until 
comparatively  recent  geologic  times. 

The  cultivated  date  belongs  to  a  group  of  about  a  dozen 
existing  species  referred  to  the  genns  Phoenix,  all  of  which  are 
confined  to  northern  Africa  and  southern  Asia,  the  bulk  of  the 
species  being  indigenous  in  the  Indian  region.  Two  of  the 
African  species,  apmosa  and  reclinata,  are  small  shrubby  forms 
with  small  fruits,  found  along  the  coasts  of  Senegambia,  Sierra 
Leone  and  Natal.  The  true  date  in  countless  varieties  has 
existed  since  prehistoric  times  in  the  hot  dry  zone  extending 
from  Senegal  eastward  to  the  basin  of  the  Indus.  Dates  are 
BO  readily  transported  by  primitive  races  and  germinate  so 
readily  from  the  seed  that  it  is  difficult  to  establish  the  original 
distribution   of   the   species.      Egyptian   monninents   contain 
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fruits  and  drawioge  of  the  date  and  Assyrian  inscriptioDB  show 
that  it  (;rew  in  abniidance  in  the  region  lying  between  the 
Eopliratee  and  the  Nile.  Herodotus  mentions  the  u?ee  of  tlie 
wood  in  Babylon  and  somewhat  later  Strabo  indicates  its 
abundance  in  Arabia.  There  is  no  historic  evidence  of  the 
existence  of  tlie  date  pahn  west  of  Egypt  in  the  oases  of  the 
Sahara,  but  Pliny  mentions  its  occurrence  in  the  Canaries.  If 
these  facts  were  wanting,  a  philological  study  of  the  names 
applied  to  the  date  would  indicate  that  the  most  ancient 
peoples  of  these  regions  with  a  written  language,  as  for 
example  the  Egyptians,  found  the  date  indigenous  in  their 
country.  The  Greek  name  Phoenix  refers  simply  to  tlie  fact 
that  the  Phoenicians  were  possessors  of  the  tree  and  traded  in 
its  fruits,  while  the  specific  name  of  the  species  dactyl^era 
and  the  vernacnlar  name  dai«  are  both,  acconling  to  Ritter, 
derivations  of  the  Hebrew  dachel. 

The  commercial  date  does  not  perfect  its  fruit  except  in 
incredibly  hot  climates  where  clouds  are  not  common  and 
where  all  forms  of  atmospheric  humidity  are  very  low,  in  fact 
no  amount  of  heat  or  degree  of  dryness  of  the  air  is  injurious 
provided  the  roots  have  access  to  a  sufficient  supply  of  mois- 
ture. There  is  au  old  Arab  proverb  which  says  of  the  date, 
"  its  feet  shall  be  in  a  stream  of  water  and  its  head  in  the  fur- 
nace of  heaven."  While  the  great  caravan  routes  that  traverse 
the  deserts  of  northern  Africa  and  southwestern  Asia  are 
intimately  associated  with  date  culture  and  while  the  finest 
varieties  grow  in  the  oases  and  sunken  gardens  of  the  Sahara, 
a  consideration  of  the  ecology  of  the  date  and  of  the  other 
existing  species  of  Phoenix,  at  least  two  of  which  are  coastal 
types,  indicates  that  the  geologic  ancestors  were  not  necessarily 
desert  types  but  inhabitants  of  coasts  and  stream  banks  where 
the  water-table  approached  near  enough  to  the  surface  to  be- 
come available  for  their  root  system.  When  corroborated  by  the 
associated  forms  of  vegetatiofi  they  may  indicate  hot  climates 
with  a  scanty  rainfall  as  they  prolmbly  do  in  east  Texas,  and  it 
seems  certain  that  temperatures  could  not  have  gone  below 
18°  C.  without  being  fatal. 

Phoenicites  ocoidentalis  comes  from  a  cut  on  the  Interna- 
tional and  Great  Northern  Kailroad  in  southern  Trinity 
county,  where  a  spur  to  the  Governmeut  Lock  leaves  the  main 
line.  The  outcrop  is  referred  to  the  Catahoula  formation, 
which  in  this  region  is  of  late  Eocene  or  early  Oligocene  a^. 
The  type  is  shown  in  the  accompanying  text  tieures  (fig.  1), 
while  the  sketch  map  (tig.  2)  shows  in  a  generalized  way  the 
area  of  distribution  of  the  existing  species  of  Phoenix  and  the 
fossil  occurrences  of  Phoenicites. 
Johns  Hopkins  Univenity,  Baltimore,  UA. 


Dcillizedoy  Google 


Thornton,  Jr. — S^aration  of  Titanium  from  Iron,  etc,    407 


Art.  XXXrV. — The  Separation  of  Titanium  from   Iron, 

Aluminum,  and  Phosphoric   Acid  with  the   Aid  of  the 

Ammonium.  Salt  of  Ifitrosophenylhydroxylamine  f'"  Oup- 

ferron'''');  by  William  M.  Thornton,  Jk. 

[Contribntione  from  the  Kent  Chemical  Laboratory  of  Tale  Unir. — cclvii.] 

It  has  been  Bhown  by  the  aathor*  that  titanium  can  be 
qoantitatively  precipitated  in  solutions  moderately  acidified 
with  enlpbnric  acid  and  containing  alBO  tartaric  acid  by  the 
ammonium  salt  of  nitrosophenyl  hydro xylamine  ("  cupferrou  "). 
Making  use  of  this  fact,  an  indirect  separation  of  titanium  from 
iron  has  been  accomplished.  In  this  method,  after  precipitat- 
ing the  iron  as  ferrouB  sulphide  by  ammoninm  enlphide  in  tlie 
presence  of  ammonium  tartrate  and  filtering  from  the  aforesaid 
lerrouB  sulphide,  tlie  iron  free  filtrate isacidified  with  snlpliuric 
acid,  the  hydrogen  sulphide  boiled  out,  and  the  titanium  pre- 
cipitated in  the  cold  by  the  "cnpferron"  reagent.  The  yellow 
precipitate  thus  produced  is  collected  and  ignited  to  titanic 
oxide.  At  the  close  of  the  article  it  was  stated  that  it  would 
seem  that  there  should  be  no  great  difficulty  attending  the 
separation  of  titanium  from  iron,  aluminum,  and  phosphoric 
acid.  Experiments  with  a  view  to  accomplishing  these  separa- 
tions have  been  fraught  with  very  interesting  and  very  gratify- 
ing results. 

Although  Schroderf  has  made  tbe  statement  that  titanium 
and  zirconium  could  be  quantitatively  precipitated  by  the 
"cupferron"  reagent,  no  experimental  data  have  appeared  on 
tbe  subject  until  Beltucci  and  Grassij:  showed  that  titanium 
conld  be  quantitatively  thrown  down  by  the  reagent  and  that  a 
clean  separation  of  titanium  from  aluminum  could  be  brought 
about  by  a  single  precipitation  in  acid  solution.  Their  results 
leave  Httle  to  be  desired  for  accuracy.  But  it  is  indeed  sur- 
prising that  these  writers  do  not  give  in  any  bnt  the  most  in- 
definite terms  the  acid  concentration  or  the  absolute  volume  of 
the  sohitions  in  which  the  titanium  was  precipitated.  They 
say  that  the  solution  sliould  be  notably  but  not  excessively  acid 
with  either  sulphuric  or  hydrochloric  acid.  Again,  under  the 
separation  of  titanium  from  aluminum  tbcy  say  that  the  same 
acidity  was  used  for  the  separation  as  for  the  precipitation  of 
titanium  alone,  and  that  the  precipitate  was  washed  first  by 
decantation  and  then  on  the  filter  with  very  dilute  hydrochloric 
acid.  Just  how  large  a  quantity  of  either  of  the  above  two 
acids  can  be  employed  and  the  precipitation  of  the  titanium 
still  be  complete  has  not  yet  been  determined.  But  the  author's 
experiments  have  clearly  demonstrated  that  if  the  concentra- 

•  ThiB  Journal,  mvli,  p.  173,  1014. 

f  Z«it8chr.  anorg.  Chem.,  Ixiii,  89,  1911. 

%  Qaizetta  Chimica  Italiana,  Anno  xliii,  Parte  I,  570,  1913. 
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tioD  of  enlpliQric  acid  be  too  small,  tlie  alamionm  is  carried 
down  with  the  titanium  in  considerable  meaeare. 

For  these  esperimente  tsmo  etaodard  solutioDS  of  titanic 
salphate  were  employed.  These  were  made  hj  acting  on 
specially  prepared  potassiam  fluotitaoate  with  concentrated 
sulphuric  acid  until  all  the  hydroftuoric  acid  had  been  displaced, 
dilating  and  making  np  to  known  volnme.  The  first  solntion 
was  standardized  by  taking  two  weighed  portions  of  25™'  each 
and  precipitating  the  titanium  by  oydrolysis  of  the  acetate 
upon  boiling  in  3ie  manner  previonsly  described  by  theanthor.* 
Duplicate  deter  mi  nations  gave  the  following  reenlts  : 
Titanic  snlpbftto  k>1u.  TiUnic  oiide 


(o)  26™'<;=27  30B  gnn.  0-U27  grm.         0-fi226i( 

(ft)26™'o27-3in  grm.  0-1428  grm.         0-5227* 

Since  these  two  results  agreed  so  closely,  the  valne  obtained  in 
(b)  was  arbitarily  taken  as  correct.  The  second  solution  wad 
standardized  by  taking  weighed  portions  of  25™'  and  24™'  re- 
spectively and  determining  the  titanium  in  one  (a)  by  the  ace- 
tate method  and  in  the  other  (b)  by  the  "  cupferron"  method 
of  Belhicci  and  Grasai.f  Two  determinations  gave  the 
following  resnlte : 

TiMoic  BoIpbAte  loln.  Titanic  oxide 

(a)  26™' O  27-814  grm. 
(h)  24™'o2fl-667  grm. 

Since  these  two  determinations  agreed  exactly,  the  valne  here 
obtained  was  taken  as  correct. 

The  first  series  of  experiments  were  earned  ont  with  a  view 
to  obtaining  favorable  conditions  for  the  separation  of  titaniani 
from  aluminum.  Known  quantities  of  aluminum  were  added 
by  weighing  off  dry  ammonium  aluminum  sulphate,  which  bad 
been  purified  by  two  recrystallizations.  To  tlie  solution  con- 
taining tlie  titanium  and  aluminum  and  a  weighed  amount  of 
tartaric  acid  (except  in  the  case  of  experiments  (1)  and  (2)  which 
were  made  in  the  absence  of  tartaric  acid)  redistilled  ammonium 
hydroxide  was  added  until  the  solution  became  neutral  to 
litmus  paper.  A  definite  volume  of  sulphuric  acid  (made  by 
diluting  one  volume  of  acid  of  sp.  g.  =  l-84  with  an  equal 
volume  of  water)  was  then  added  and  the  solution  made  up  to 
the  volume  designated  in  the  last  column  of  Table  I.  Twenty 
cubic  centimeters  of  a  6  per  cent  "cupferron"  solution  was 
then  added  and  tiie  beaker  set  aside  for  the  precipitate  to 
settle.  The  time  of  standing  does  not  appear  to  matter  a 
•  Loc.  cit,,  p.l74.  tLoc.  cit. 
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great  deal.  Two  bonrs  was  found  to  be  Batisfactory  ;  bnt  no 
donbt  a  shorter  time  woald  sutlice,  and  in  a  few  cases  the  pre- 
cipitate was  allowed  to  stand  about  twelve  hours  with  no  harm- 
ful consequences.  The  precipitate  was  filtered  on  paper  with 
the  aid  of  very  gentle  suction,  washed  twenty  times  with  water 
containing  20^""  of  hydrochloric  acid  of  sp.  g.=l-20  per  litre, 
placed  in  a  tared  platinum  crucible  and  dried  at  110°  C,  ignited 
at  first  very  carefully  with  the  cover  on,  then  with  the  crucible 
incliDed  and  open  until  all  the  carbon  bad  been  consumed,  and 
finally  brought  to  constant  weight  over  the  Melccr  burner. 
From  experiments  (1)  and  (2)  it  is  evident  that  if  the  concen- 
tration of  free  sulphuric  acid  be  too  small,  very  serious  errors 
are  made  in  the  direction  of  gain  of  weight  on  the  titanium. 
Since,  after  the  separation  of  the  iron,  the  filtrate  from  the 
ferrous  sulphide  contains  already  tartaric  acid,  it  was  considered 
advisable  at  this  point  to  learn  the  effect  of  tartaric  acid  on  the 
next  operation  in  the  analysis,  viz.,  the  separation  of  titanium 
from  alumiunm.  Since  the  conditions  in  experiments  (3)  and 
(4)  are  the  same  hs  those  in  experiments  (1)  and  (2)  respectively, 
excepting  the  presence  of  tartaric  acid,  it  is  obvious  that 
if  this  acid  be  present  in  the  solution,  the  concentration  of 
free  snlpburie  acid  necessary  to  bring  about  a  clean  separation 
can  be  greatly  diminished.  In  experiments  (5)  and  (6)  it  will 
be  noticed  that  with  small  increments  in  acidity  the  error  is 
very  slightly  lowered.  If  the  original  solntion  for  the  analysis 
occupy  a  volume  of  100™"  the  author  has  found  that  in  his 
expenence  the  filtrate  and  washings  from  the  ferrous  sulphide 
will  occupy  a  volnme  of  about  350^°".  An  absolute  volume  of 
400™'  was  therefore  chosen  as  a  convenient  one  in  which  to 
make  the  precipitation  of  titaniam.  Accordingly  experiments 
(7)  and  (8)  were  performed  with  the  object  of  learning  the 
quantities  of  sulphuric  acid  and  of  tartaric  acid  necessary  to 
effect  a  good  separation  in  the  above  given  absolute  volume. 
In  these  two  experiments  the  concentration  of  sulphuric  acid 
was  the  same  as  in  experiments  (4)  and  the  tartaric  acid  in- 
creased somewhat  over  the  amount  previously  used.  Since 
the  results  of  experiments  (7)  and  (8)  were  satisfactory  it  was 
not  thought  necessary  to  carry  the  series  furtiier. 

The  second  series  of  experiments  was  begun  with  the  object 
of  determining  how  great  a  concentration  of  sulphuric  acid 
could  be  employed  in  the  presence  of  tartaric  acid  without  any 
resultant  loss  of  titanium.  The  mode  of  procedure  was  the 
same  as  in  the  separation  of  titanium  from  aluminum  except 
that  in  experiment  (9)  the  precipitate  was  washed  with  water 
and  in  experiments  (11)  and  (12)  with  hydrochloric  acid  (made 
by  dilnting  100'""'  of  acid  of  sp.  g.^=l'20  to  one  liter).  Since 
in  experiment  (12)  the  concentration  of  sulphuric  acid  was 
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TlJLK  I. 
The  Sepantion  of  TitAniani  from  Alnmlaam. 

H,SO,    TarUric    Voluiii* 


TiO, 

A1,0, 

TiO, 

taken 

Uken 

found 

Error 

lo. 

grm. 

grm. 

grm. 

grm. 

1 

0-1066 

01127 

01179 

+  0-0113 

2 

0-1066 

0-1127 

0-1094 

+  0-0028 

3 

0-06716 

0-1 1-27 

0-0690 

+0-0018 

i 

0-0672 

01127 

0-0677 

+  0-0006 

5 

00676 

01127 

0-0679 

+  0-0004 

6 

0-0673 

0-1127 

0-0575 

+  00002 

7 

01067 

0-1127 

0-1072 

+  0-0005 

8 

0-1068 

0-1127 

0-1070 

+  0-0002 

twice  as  great  and  the  qaaotity  of  tartaric  acid  greater  bj  half 
a  gramme  sleo  than  were  found  neceeeary  to  insure  &  clean 
BeparatioQ  of  titanium  from  aluminum,  and  since  the  error  on 
titanium  was  one  of  gain,  it  appeared  that  there  was  little  to  be 
profited  by  carrying  the  series  further. 


Tabu  11. 

TiO, 
Uken 
grm 

TiO, 
found 
grm. 

Error 
grm. 

H,SO. 
(1:1) 

TartMic 
aeid 
grm. 

Volume 

ofaolB. 

em< 

0-1428 
0-1066 
01064 
0-1064 

0-1429 
0-1069 
0-1067 
0-1066 

+  0-0001 
+  0-0003 
+  0-0003 
+  0-0002 

5 
20 
30 
40 

0-5 
1-5 
2-0 
2-0 

300 
400 
400 
400 

FreseniuB*  has  succeeded  in  obtaining  a  quantitative  separa- 
tion of  iron  from  plioBphoric  acid  in  a  solution  acid  with 
hydrochloric  acid  by  means  of  the  "  cupferron "  reagent. 
Mindful  of  this,  it  occurred  to  the  author  that  in  a  similar  way 
it  might  be  possible  to  separate  titanium  from  phosphoric  acid. 
The  third  series  of  experiments  was,  therefore,  undertaken 
with  this  object  in  view.  Approximately  known  quantities 
of  phosphoric  acid  were  added  by  weighing  off  dry  portions  of 
Baker's  analyzed  disodium  hydrogen  phosphate.  The  condi- 
tions of  experimentation  were  like  those  described  above  for 
the  titanium   aluminum   separation.     Table  III  contains  the 


Tabl*  hi. 

The  Seporatl 

p,o. 

taken 
grm. 

an  of  Titanium  from  Phosphoric  Acid. 
TiO,                              H,SO.    Tartaric 
found             Error        (1:1)         acid 
grm.               grm.        om'          grm. 

Volome 

efaoln. 

cm' 

0-0711 
0-0710 

+  01071 
+  0-1067 

+  00007     20 
+  0-0001     25 

1-5 
1-5 

400 
400 

*  Zeitachr.  anal. 

Chem.,  1,  35,  1911. 
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results  of  two  experiments.  Since  experiment  (14)  was  en- 
tirely eatisfactor;,  it  was  deemed  unnecessary  to  extend  tlie 
series  further. 

It  only  remained  to  connect  the  three  separations  in  order  to 
complete  the  method  of  analysis.  In  experiments  (15),  (16), 
(17),  and  (18)  known  qnantities  of  iron  were  introduced  by 
adding  weighed  portions  of  Kahlbanm's  ferrons  ammonium 
sulphate.  In  experimental  (Id)  and  (30),  a  standard  eolation  of 
ferric  ammonium  sulphate  was  used.  In  one  portion  (a)  of 
25™'  the  iron  was  determined  by  titration  with  potassium  per- 
raanganate  after  reduction  of  the  iron  by  zinc — the  potassmm 
permanganate  having  been  previously  standardized  against 
sodium  oxalate.  In  another  portion  (b)  of  2b™'  the  iron  was 
determined  by  precipitation  with  ammoninm  hydroxide  and 
ignition  of  the  ferric  hydroxide  to  ferric  oxide.  Parallel  deter- 
minations gave  the  following  results: 

F«nic  mlpliate  soln.  FBiric  oxide 

(a)  25™'  0-2267  grm. 

(ft)  25™'  0-22«9  grm. 

The  value  obtained  in  (a)  was  taken  as  correct.  Throughout 
the  fourth  series  of  experiments  a  standardized  solution  of 
phosphoric  acid  was  used.  This  was  prepared  by  dilating 
Baker  and  Adamson's  85  per  cent  acid.  In  two  portions  of 
25™'  each  the  phosphoric  acid  was  precipitated  as  ammonium 
mi^esinm  phosphate.  Duplicate  determinations  gave  the  fol- 
lowing results  : 

Phosphoric  acid  boId.  Fhoaphoma  pantoxide 

(a)  25™"  0-16256  grm. 

(ft)  26™'  0-1628    grm. 

The  mean  of  these  two  values  was  taken  as  correct,  Siuce  the 
phosphoric  acid  present  in  tiLaniferous  rocks  is  generally  small 
m  amount  relative  to  tlie  other  constituents,  it  was  thought  best 
to  dilate  this  solution  ten  fold  by  volume.  The  resulting  solu- 
tion, therefore,  contained  in  25"°'  0*0153  grm.  of  phosphorus 
pentoxide.  In  Table  IV  are  set  forth  the  results  of  six  experi- 
ments in  which  the  whole  analysis  was  performed. 

For  the  benefit  of  the  practical  analyst  the  technique  of  the 
entire  analysis  is  here  connectedly  given.  To  the  solution, 
which  should  not  be  much  greater  than  100'""  in  bulk,  at  least 
four  times  the  aggregate  weight  of  the  four  oxides  to  be  held 
by  it  in  solution  of  tartaric  acid  is  added.  To  facilitate  the 
reduction  of  the  iron  the  solution  is  made  neutral  with 
ammontum  hydroxide  and  acid  again  with  2""'  of  sulphuric 
acid    (1:1).      Hydrogen    sulphide    is    then    introduced    until 
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Tba  SepMtktian  of  Titaninm  from  Inm,  Alaminnin,  and  Phosphoric  Acid. 

TIO,        Fe,0,       AUO,         P,0(  TIO,  H^O,    Tirttric    Volamc 

takan      tkkcn      taken      taken      found       Error      rl:l)        acid       ofioln. 

IS  01066  0-20Se  01127  00154  OlOTO  -t-OOOOIt  30  3  400 

18  01066  0S086  01127  00151  01068  +00002  80  2  400 

17  0-1065  01018  0-1187  00158  01067   +00003  40  2  400 

18  01067  01018  01127  00158  0-106B  +0-0002  40  2  400 
10  01066  0-3367  03254  00153  01069  +O-000S  40  2-9  400 
20  01066  03267  0-22M  0-0168  01078  +00007  40  2'5  400 

the  solntioD  has  become  colorless.  TTDlese  the  iron  is  thus 
reduced  before  precipitation,  titanium  will  be  in  part  thrown 
down  also.*  Ammoniam  hydroxide  is  then  added  in  decided 
excess  and  more  hydrogen  sulphide  introdaced  until  the  iron 
has  been  completely  thrown  out  as  ferrons  sulphide — ^leaving 
the  solution,  however,  alkaline  to  test-paper.  The  ferrous 
sulphide  is  filtered  off  and  washed  with  very  dilate  colorless 
ammonium  sulphide  about  ten  times.  To  the  filtrate  is  then 
added  40°°"  of  sulphuric  acid  (1:1)  and  the  hydrogen  sulphide 
thus  liberated  boiled  out.  After  cooling  to  room  temperature 
the  solution  is  made  up  with  water  to  400°'°'  and  a  6  per  cent 
solution  of  "cupferron  added  slowly  with  constant  stirring. 
Tlie  beaker  is  then  set  aside  for  the  precipitate  to  settle. 
After  the  precipitate  has  subsided  the  supernatant  liquid  is 
tested  by  adding  a  few  drops  of  the  reagent.  The  formation 
of  a  white  precipitate  of  nitrosophenylhydroxylamine  indicates 
that  the  reagent  had  been  added  in  excess ;  whereas  the  forma- 
tion of  a  yellow  turbidity  shows  tlie  precipitation  to  be  incom- 
plete. It  is  well  also  to  test  the  filtrate.  The  precipitate  is 
collected  on  a  paper  filter— using  gentle  suction,  and  washed 
twenty  times  with  hydrochloric  acid  (made  by  diluting  100°"' 
of  acid  of  ep.  g.  =  l-20  to  one  liter).  After  having  been  sucked 
free  of  drainage  water  at  the  pump,  the  precipitate  and  filter 
are  placed  in  a  tared  platinum  crucible-t-  and  dried  at  110"  C. 
Witli  the  crucible  not  quite  covered  by  the  lid  the  ignition  is 
begun  with  a  very  small  fiame.  After  the  first  violent  gnsh 
of  smoke  the  heat  is  raised  a  little,  when  the  destructive  dis- 
tillation will  proceed  quietly.  After  burningaway  tliecarbon, 
the  residual  titanic  oxide  is  brought  to  constant  weight  over 
the  Meker  burner.  In  the  paperj  previous  to  this,  where  the 
separation  of  titanium  and  iron  only  was  under  consideration, 
the  author  has  directed  that  the  acidified  filtrate  from  the 
ferrons  sulphide  be  partially  neutralized    with  ammoniam 

•CathreiD,  A.,  Zeitachr.  Kryst.,  vi,  248,  1883;  »ii.  350,  1883. 
t  A  qnartt  cracible  is  alu>  satisfactorj  for  the  i^ition. 
JLoo.  cit. 
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hydroxide.  It  should  be  here  Doted  that  in  the  light  of  the 
farther  ezperimeDts  recorded  above,  this  is,  of  course,  entirely 
QDneceBsary. 

On  acconnt  of  the  small  amoants  of  platiDam  that  find  their 
way  into  the  solntionE  during  miaeral  and  rock  analysis,  being 
derived  from  the  platinum  vessels  by  the  attack  of  certain 
fluxes  (such  as  alkali  pyrosnlphate  or  a  mixture  of  sodium  car- 
bonate and  potassium  nitrate)  on  prolonged  fusion  or  by  the 
action  of  certain  oxidizing  agents  (such  as  sodium  manganate, 
sodium  chromate,  etc.)  on  hydrochloric  acid,  and  since  Chatard* 
in  his  modifications  of  the  method  of  (rooGhf  has  recommended 
the  removal  of  platinum  from  the  Boliition  by  hydrogen 
snlphide  prior  to  the  final  precipitation  of  the  titanium ;  it  was 
thoaght  advisable  to  find  out  whether  or  not  t!ie  titanic  deriva- 
tive of  nitroBOphenylhydrozylamine  carried  down  appreciable 
masses  of  platmum.  Chlorplatinic  acid  was  diesolved  in  water 
so  as  to  make  a  solution  containing  approximately  one  mgrm. 
of  platinum  in  every  cnbic  centimeter.  Table  V  contains  the 
results  of  two  experiments,  which  show  that  the  precipitate  has 
little,  if  any,  tendency  to  include  platinam. 


TiO, 

teken 

No.  gna. 

21  01067 

22  0-1067 

The  success  of  this  analytical  research  has  depended  on  three 
very  fortunate  phenomena.  First:  the  precipitate  of  the 
titanium  by  the  "cupferron"  reagent  is  quantitative  in  the 
presence  of  tartaric  acid — a  fact  which  obviates  the  necessity 
of  oxidising  the  tartaric  acid.  Second :  the  separation  of  _ 
titanium  from  aluminum  is  facilitated  by  tartaric  acid  to  the 
extent  of  greatly  diminishing  the  concentration  of  free  mineral 
acid  necessary.  Third :  a  clean  separation  of  titanium  from 
phosphoric  acid  can  be  accomplished  under  the  same  conditions 
as  the  separation  of  titanium  from  aluminum,  whicii  seems  to 
the  author  remarkable  when  one  considers  the  insolubility  of 
the  basic  phosphate  of  titanium  even  in  decidedly  acid  media 
and  the  diniculties  in  handUng  these  two  substances  in  solution. 
The  following  points  of  merit  are  claimed  for  the  method. 
The  whole  analysis  is  accomplished  by  two  precipitations — the 
titanium  being  separated  from  both  aluminum  and  phosphoric 

■Am.  Chem.  Jour.,  ziii,  100,  1891. 

fPioc.  Aid.  Acftd.  Arts  and  Sci.,  n.B.,  xil,  43d,  168S.     SeenlaoEillafaTand, 
Boll.  U.  S.  a.  S.,  423, 97,  107, 1910. 


Table  V. 

n  of  TiUninm  from  Platinum. 

Pt.  taken 

(approi.) 

gta. 

TiO, 
found 
grm. 

H,SO. 
Error            (1:1) 

Volnme 
of  8o1d. 

O'OIOO 
0-0100 

0-1071 
0-1066 

+  00004         40 
-0-0001          40 

400 
400 
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acid  in  one  operation — so  that  the  time  reqatred  for  the 
estimatioD  of  titsniDtn  id  the  presence  of  iron,  alaminam,  and 
phosphoric  acid  is  no  greater  than  the  time  required  for  the 
eetimation  of  titaniam  when  associated  with  iron  onlj ;  since 
after  filtering  oS  the  ferrous  sniphide  the  technique  is  exactly 
the  same  in  either  case.  The  precipitate  comes  down  imme- 
mediately  and  quantitatively  in  the  cold  in  fioccalcnt  and 
readily  tilterable  condition,  has  little  tendency  to  include 
alkalies,  and  after  drying  can  be  easily  converted  to  titanic 
oxide  of  a  high  degree  of  pnrity.  The  entire  procedure  is  so 
eimple  that  the  attainment  of  good  resnits  by  the  analyst  is 
almost  inevitable. 

Id  order  that  analytical  chemists  may  have  at  hand  directions 
for  the  preparation  of  the  ammonium  salt  of  nitrosopbenyl- 
hydroxylainme*  an  abstract  of  Baudisch'sf  instructions  for  its 
synthesis  is  here  appended. 

Sixty  grms.  of  nitrobensene,  1000™*  of  water,  and  30  grms. 
of  ammonium  chloride  are  stirred  rapidly  to  an  emnlsion. 
Eighty  grms.  of  zinc  dust  is  added  in  email  portions  to  the 
stirred  emnlsion  by  means  of  a  knife  blade ;  the  temperature 
being  tcept  between  16°  and  18°  C.  by  the  occasional  addition 
of  a  little  shaved  ice,  until  there  is  no  longer  an  odor  of  nitro- 
benzene and  the  precipitate  ie  gray.  The  rednction  is  accom- 
plished in  about  one-half  hour.  The  solution  ie  filtered  from 
the  zinc  hydroxide,  which  is  washed  a  few  times  with  iced 
water.  The  filtrate,  cooled  to  nearly  0°C.,  is  saturated  with 
sodium  chloride.  Whereupon  phenylhydroxylamine  crystal- 
lizes ont  in  white  needles.  These  are  collected  on  a  perforated 
fannel  and  dried  by  being  pressed  between  filter  papers.  The 
yield  is  generally  70-85  per  cent  of  the  theoretical.  This  body 
IB  a  skin  poison  and  if  spattered  on  the  hands  or  face  should 
be  at  once  washed  off  with  water  and  then  with  alcohol.  The 
crystals  are  dissolved  in  300-500™'  of  commercial  ether  and 
the  solution  filtered  from  any  residual  sodium  chloride.  The 
ethereal  solution,  cooled  to  0°  C,  ie  saturated  with  dry  ammonia 
gas.  Wliile  still  at  0°  C,  the  calculated  weight  of  fresh  amy! 
nitrite  (one  molecule  to  every  molecule  of  nitrobenzene)  is 
added.  The  vessel  is  immediately  filled  with  {^listening  white 
crystaie  of  the  ammonium  salt  of  nitrosophenylhydroxylamine.i 
After  filtration  and  washing  with  ether,  the  crystals  are  dried 
by  filter  paper,  and  kept  in  a  closely  stoppered  liottle  in  which 
is  also  placed  a  small  lump  of  ammonium  carbonate- 
Febnury  18,  1914. 

*  Rkhlbanm'a  lult  can  be  pDrchaaed  from  HesgrB.  Eiiiier&  Amend,  New 
York, 
f  Cfaem.  Zeitaug.,  ixxv,  32S,  1911. 
t  C.H.NO.NONH.. 
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Art.  XXXV. — New  Features  in  the  Geology  of  Nm-thtoeatem 
Spitsbergen;  by  Olaf  Holtedahl. 

For  its  Mgli  latitude,  Spitzbergen  has  lon^  beeo  a  Bingularly 
well-etadied  country  geologically.  Forty  years  ago  the  well- 
known  Swedish  geologist  and  explorer,  A.  E.  Nordenskiold. 
was  able  to  describe  no  lees  than  nine  formations  known  from 
the  islands,  and  since  that  time  a  great  number  of  geologists, 
and  above  all  Nathrirst,  De  Geer  and  others  of  Sweden, liave 
added  much  to  our  knowledge.  Nevertheless,  the  more  detailed 
ioTestigations  have  been  carried  on  ciiiefly  in  but  one  part  of 
Spitzbergen,  viz.,  the  central  part  of  West  Spitzbergen,  the 
region  of  the  Ice  Fjord  and  Bell  Sound. 

During  the  past  four  years,  Norwegian  expeditions  have 
worked  in  the  previously  very  little  known  northwestern  corner 
of  West  Spitzbergen  and  in  the  Prince  Charles  Foreland.  The 
expeditions  of  1909-1910  were  in  charge  of  Captain  G.  Isach- 
sen,  those  of  1911-1912  in  charge  of  Captain  A.  Staxnid  and 
cand.  real.  A.  Hoel.  As  geologists  Hoel  has  worked  each 
summer,  Uoltedabl  during  the  three  summers  of  1909-11. 
Daring  these  fonr  summers  we  have  mapped  geologically 
almost  the  whole  northwest  corner  and  have  determined  the 
chief  features  of  the  geological  struetnre  and  the  essential 
stratigraphy  of  the  area  studied.  It  is  the  purpose  of  this 
paper  to  describe  some  of  the  results  attained. 

Nathorst,  in  his  valuable  hook  of  1910^  "  IJeitrage  zur 
Geologie  der  B^en-Insel,  Spitzbergens  und  des  Konig-Karl- 
Landes,"*  has  recognized  the  following  systems  : 

Quaternary 

Tertiary 

Jurassic  with  Neocomian 

Triaesic 

Permian 

Carboniferous 

Devonian 

Heclahook 

Arch  e  an 

Of  younger  igneous  rocks  were  known  sheets  and  dykes  of 
diabases,  probably  of  Cretaceous  age. 

One  of  our  important  results  is  the  determination  that  there 
is  no  Archean  at  all  in  the  northwest  corner  of  Spitzbergen, 
as  was  previously  held  to  be  the  case.  As  early  as  1909,  dar- 
ing a  sledge  trij>  across  the  country  from  Cross  Bay  to  Red 
*Bnll.  Qeol.  Inat.  Upsaln,  vol.  i. 

Am.  Jour.  Sci.— Fouara  Sbbikb,  Vol.  XXXVII,  No.  231.— Mat,  19U. 
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Fio.  2.  Oeologf  cal  nap  (I  ;S,000,000}  of  the  Dorttiwest«tii  comer  of  Spitz- 
bergen.  br  A.  Hoel  and  0.  Holtadabl.     Bued  on  the  aatbora'  obMrvatlone, 

^m-\2. 

T.l.  =  Trachjdoleritio  1bt&  and  tnff.  B.l.  =  Baullie  lara.  T.  sTertimrj. 
C. =CarboniferonB. 

fVi.  B.  =  Wijde  Bay  Seriee  1 

O.  H.    =  Otey  Hoek  Series  I  DeTODiBU 

W.  B,    =  Wood  Bay  Seriea ) 

R.  B.    =  Bed  Baj  Series — DowDtaniMi 

Or.  =  Chief  area  of  granites  and  gneiaaea.  A.=  Heclahook  (metam. 
iedim.  rocki). 


Dcillizedoy  Google 


418  Olaf  Hdtedald—Neio  Features  in  the 

Bay,  we  observed  that  there  existed  no  simple  bODtidary  line 
between  the  la^e  area  of  granites  and  gneiesee  in  the  nortli- 
west  and  the  Heclahook  phylHtes,  mica  scbiste  and  quartzites 
farther  soHtb.  On  the  contrary,  we  found  the  granitic  rocks 
to  occnr  as  intrnsive  bodies  in  the  metamorphosed  sediments 
and  to  he  tlierefore  younger  instead  of  older  than  the  latter. 
We  have  here  partly  compressed  igneous  rocks,  intruded  before 
the  intense  folding  of  the  Heclahook  wae  tioished,  and  partly 
unaltered  granites  of  various  types,  of  a  somewhat  later  age. 
In  these  occnrrencee  we  have  a  striking  parallel  to  the  condi- 
tions in  the  northwestern  part  of  the  Scandinavian  Peninsula, 
where  in  lat«  years  more  and  more  of  the  granites  and  gneisses, 
previously  regarded  as  of  Archean  age,  liave  been  proved  to 
be  yonnger  than  the  metamorphosed  sediments  that  probably 
are  of  Cam  bro- Silurian  age. 

As  for  the  Heclahook  system,  we  cannot  here  go  into  detail. 
We  have  worked  a  good  deal  with  these  widely  distributed 
rocks,  formerly  very  little  known  in  our  region,  and  foand 
them  to  consist  of  a  great  number  of  different  types  of  sedi- 
ments. We  have  often  met  with  conglomerates  which,  in  at 
least  one  case,  indicated  the  existence  ot  dry  land  at  one  i>eriod 
of  Heclahook  time.  The  strike  is  generally  NNW-SSE. 
Unfortunately,  we,  like  earlier  geologists,  have  not  succeeded 
in  finding  fossils  in  this  system,  so  we  still  have  to  rely  on  com- 
parisons with  Scandinavia  and  with  Bear  Island,  where  young 
Ordovician  fossils  are  found  in  similar  rocks,  thus  fixing  the 
aee  of  at  least  a  part  of  the  Heclahook  as  Ordovician,  although 
the  whole  series  may  have  representative  formations  of  Cam- 
brian to  Silurian  time.  On  the  other  hand,  new  evidence  for 
fixing  the  uppermost  possible  chronological  limit  of  the  Hecla- 
hook has  been  obtained  by  our  studies  on  the  younger  sedi- 
mentary series. 

For  their  great  thickness  and  wide  distribution,  the  Devonian 
strata  of  Spitzbergen  have  been  previously  very  little  stndied. 
It  was  known  that  the  system  consisted  chiefly  of  red  and  green 
sandstones  in  which  were  found  a  few  placoderm  fishes,  in- 
dicating Lower  Devonian  age,  a  large  Leperditia,  and  undeter- 
mined plant  remains.  Then  there  had  been  fonnd  in  one  place 
a  few  Upper  Devonian  fishes,  better  plant  remains,  and  an 
Eatkeria.  Finally,  a  series  of  grey  slates  occurring  at  Grey 
Hoek,  with  new  forms  of  lamellibranchs,  had  also  been  referred 
to  the  Devonian,  although  the  exact  stratigmphical  position 
was  unknown.  The  total  thickness  of  the  Old  Red  type  of  the 
Spitzbergen  Devonian,  the  Grey  Hoek  beds  not  included,  was 
estimated  to  be  at  least  1200  m.,  and  perhaps  more  than  1500  m. 

We  have  devoted  a  great  deal  of  time  to  the  Devonian,  and 
hope  to  have  established  the  chief  features  in  its  stratigraphy. 
They  may  be  summed  up  as  follows : 

DcillizedoyGOOJ^IC 


OmUgy  of  North-weat&m  Spitsbergen. 


htl 


I 

g 

I 

c 

I 

f 

H    f 
l|    I 

r      I 

I      s 

Is 


! 


Dniiizedoy  Google 


420  Olaf  HiilUAahl—Nwo  Feaiuree  m  Oa 

Red  Bay  StrUt. — Resting  upon  the  remnante  of  the  Reek- 
hook  MonntAins,  we  have  tonud  an  euormoDB  series  of  eon- 
glomerates,  without  doubt  to  a  great  extent  of  continental 
origin,  and  probably  laid  down  in  troughe  in  the  still  nnbase- 
levelled  Bnrface.  In  many  places  we  found  the  contact  between 
the  Keclahook  and  the  conglomerate  marked  by  huge  sharp- 
edged  pieces  of  loose  rock  that  have  not  been  moved  at  all,  and 
that  represent  the  fractured  older  surface.  These  may  con^ipt 
of  granite,  limestone,  quartzite,  and  so  on.  Higher  in  the  sec- 
tions the  rocks  become  smaller  and  more  and  more  roonded. 
whilst  the  pebbles  at  the  same  time  become  exclnsively 
quartzose.  The  color  of  this  iiTier  pebbled  conglomerate  is 
always  deep  red.  The  thickness  of  the  whole  conglomerate 
series  is  500-600  m.,  in  some  places  perhaps  more. 

Above  the  basal  conglomerate  lies  a  yellowish  white,  coarse. 
cro6s-t>edded,  unfoesilifcrons  sandstone  with  a  thickness  of 
l(>O-2O0  m. 

Conformably  resting  on  this  sandstone  are  the  as  yet  oldest 
known  fossiliferous  beds  of  Spitzbergen,  a  series  of  mostly 
greenish,  but  in  some  layers  red,  sandstone,  rich  in  mica,  with 
a  known  thickness  of  aboat  2000  m.,  and  containing  in  certain 
of  the  red  layers  an  abundance  of  wonderfully  preserved  lishes, 
chiefly  I'teraspia,  Cephal^iapis,  and  PaUEospis  forms.  Besides 
these,  there  occur  very  commonly  lamellibranchs,  a  few  badly 
preserved  ostracods  and  some  poor  plant  remains.  Professor 
kiiir  of  Kristiania,  who  is  working  out  our  collections  of 
placoderm  fishes,  states  that  the  age  of  these  fish-bearing- sand- 
stones seems  to  be  equivalent  to  the  Downtonian  of  the 
English  standard.  The  mountain  folding  of  the  Ueclahook 
and  the  subsequent  erosion  of  the  raonntains  must  accordingly 
have  occurred  in  pre- Downtonian  time. 

After  the  deposition  of  the  Red  Bay  sandstone,  some 
orogenetic  movement — block  fanlting — probably  took  place 
locally,  for  in  places  the  whole  series  was  totally  removed 
before  the  next  known  group  of  sediments  was  deposited. 

Wooii  Bay  Series. — ^In  this  series  come  the  red  to  browo, 
partly  green,  often  ripple-marked  sandstones  and  shales  that 
cover  a  very  large  area  to  the  northwest,  between  the  eastern 

tiart  of  the  Ice  Fjord  and  the  north  coast.  From  a  great  num- 
ler  of  localities  we  have  collected  very  interesting  assemblage.^ 
of  Ixtwer  Devonian  lishes,  representing  a  large  number  of 
species  belonging  to  the  genera  Pteraspis,  CephalaspU, 
Aamt/iaapis,  and  others.  Furthermore,  poor  plant  remains 
and  a  big  fsoc/tUina  occur.  The  thickness  of  these  sandstones 
is  estimated  to  be  about  3000  m. 

Grey  Hoek  Serieg  and  Wijde  Bay  Series. — Without  notice- 
able unconformity  then  follows  the  Grey  Hoek  Series,  grey 
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elates  with  lamellibranclis,  that  are  in  tarn  overlain  by  the 
uppermost  known  Devonian  eedimente,  grey  sandstones  and 
s)iales  with  Upper  Devonian  fishes,  plant  remains,  and  some 
ostracods,  among  others  a  big  Isocliilina.  Tiie  total  thickness 
of  the  two  series  is  estimated  to  be  at  least  4000  m.  Tlie 
yonnger  of  the  two  has  its  main  distribution  on  the  west  side 
of  Wi jde  Bay,  and  may  be  named  the  Wijde  Bay  Series.  Here 
probably  belong  the  Upper  Devonian  elates  fonnd  by  Nathorst 
at  Klaas  Billen  Bay  in  the  Ice  Fjord. 

This  ie  not  the  place  to  go  into  the  far-i'eacbing  discussion 
as  to  the  mode  of  deposition  of  this  vast  amount  of  Devonian 
sediments,  the  total  thickness  of  which  is  about  10,000  m.  A 
fact  that  is,  however,  to  be  noted  is  the  occurrence  of  fossils 
of  marine  types,  such  as  the  big  ostracods  and  some  of  the 
laraellibranchs,  along  with  the  fishes  in  each  of  the  four  thick 
series.  In  this  respect,  the  Old  Ked  system  of  Spitzbergen 
differs  from  that  of  Scotland,  which  it  in  general  much 
resembles. 
We  have: 

in  Spilxbtrgta  In  Stotland 

Wijde  Bay  Series  Upper  Old  Bed 

Grey  Hoek  Series  Middle  Old  Red  (Orcadian) 

Wood  Bay  Series  Lower  Old  Red  (Caledonian) 

Red  Bay  Series  Downtonian 

Both  the  Qrey  Hoek  Series  and  the  Orcadian  differ  litholog- 
ically  from  the  usual  type  of  Old  Ked  in  consisting  chiefly  of 
grey  and  argillaceous  material. 

We  know  from  the  Swedish  investigations  that  the  Devonian 
has  been  locally  deformed  in  pre-Carboniferous  time,  and  we 
therefore  must  assume  that  there  is  a  break  in  sedimentation 
between  the  two  systems,  although  unfortunately  the  boundary 
between  the  Wijde  Bay  Series  and  the  Carboniferous  has  as 
yet  not  been  seen.  This  lack  of  knowledge  is  in  part  due  to 
the  fact  that  the  Upper  Devonian  and  the  I^wer  Carboniferous 
are  lithologically  very  similar  and  poor  in  fossils,  rendering 
stratigraphical  distinctions  difficult. 

The  Carboniferous  of  northwestern  Spitzbergen  has  been 
studied  in  some  detail,  and  two  papers  on  that  subject  have 
been  published  recently,*  On  this  occasion,  we  need  only 
mention  some  few  facts.  The  Lower  Carboniferous  plant-  and 
coal-bearing  sandstone  was  found  to  be  much  greater  in  thick- 
ness than  was  formerly  supposed.     At  the  mouth  of  the  Ice 

*0]s[  Holt«dahI :  "Zar  KenntDis  der  Karbonablt^erangen  des  weetliohen 
SpitzbergeDB.  t.  Eine  Fauna  der  Moslcaaer  Stnfe,"  Videnskapawlak.  Skrif- 
Ur,  I.  Uat.-Natnrv.  Klaese,  ChriBtiania,  IBtl  i  "It.  Allgememe  Htratl- 
grapbiwhe  nnd  tektoniaobe  BeobaehtungcD,"  loc.  cit.,  1913. 
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Fjord,  a  thickness  of  l^OUm.  ^vas  measured,  withoat  attaining 
the  base  of  the  eyetem. 

After  the  depositiou  of  this  saiidetone,  great  movements 
took  place.  At  one  locality  we  find  that  not  only  had  the 
Carboniferous  eandetone  been  eroded  away,  bnt  nearly  all  of 
the  Devonian  aa  well,  since  OBly  200  m.  of  the  Wood  Bay 
Series  was  left.  The  Wood  Bay  Series  rests  directly  open 
Heclahook  schist,  as  the  Red  Bay  Series  was  probably  eroded 
away  in  still  older  time.  These  occurrences  are  very  similar  to 
those  on  Bear  Island  to  the  south,  and  t«l1  of  continental  con- 
ditions and  of  enormous  denudation  in  Devonian  and  early  Car- 
boniferous time. 

As  to  the  time  of  the  first  invasion  of  the  sea  after  this  long 
continental  period,  we  have  been  able  to  fix  it  very  definitely 
by  the  discovery  at  one  place  of  a  rich  fauna  at  the  base  of  the 
elsewhere  very  poorly  foseiliferous  "  Cyathophyllum  lime- 
stone." The  fossils  proved  to  be  older  than  any  of  those 
previonsly  known  in  the  marine  Carboniferons  of  Spitzbergen. 
and  indicate  the  Moscow  horizon,  of  Middle  Carboniferous 
af^,  according  to  the  Kussian  classification.  The  basal  lime- 
stone beds  are  often  developed  as  compact  coral  masses  several 
meters  thick,  resting  upon  a  conglomerate  of  small  quartz 
pebbles  that  in  turn  conformably  overlies  the  Lower  Carbon- 
iferous sandstone.  The  average  thickness  of  the  whole  marine 
Carboniferous  and  Permo-Carboniferoiis  series  is  1000  m. 

Permian  beds  are  found  in  a  few  localities  in  northwest 
Spitzbergen,  but  show  no  new  features.  If  we  accept  the 
thickness  of  the  Permian  as  given  by  the  Swedish  geologist^^. 
namely,  300  m.,  the  whole  thickness  of  the  Paleeozoic  sedimen  ts 
younger  than  the  Heclahook  is  as  follows : 

Permian 300  id. 

Carboniferons 2,300  m. 

Devonian,  about 10,000  m. 

Total 12,600  m,  (=12-5  km.) 

The  Mesozoic  formations  are  not  represented  in  the  north- 
west corner,  escept  near  the  Ice  Fjord,  where  they  have  been 
studied  by  the  Swedes. 

As  for  the  Tertiary  beds,  we  have  discovered  a  new  area  on 
the  west  coast,  between  Kings  Bay  and  the  Ice  Fjord,  auii 
fixed  the  distribution  and  mode  of  occurrence  of  the  previously 
known  areas. 

The  Quaternary  deposits  and  the  glaciers  have  been  stndiei) 
very  thoroughly  by  Mr.  [[oet,  and  the  height  of  numerous 
marine  post-glacial  terraces  has  been  measured,  showing  the 
highest  level  of  the  sea  to  have  been  130  m.     Each  year  the 
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exact  advance  of  a  big  glaciei-  at  Cross  Bay,  the  Liliehook 
Glacier,  has  been  noted.  A  large  stone  placed  on  the  surface 
of  the  glacier  200-300  m.  from  the  margin  advanced :  1908-9, 
338  m.;  1909-10,  200  in. ;  1910-11,  183  in. ;  1911-12,  77  m. 

The  chief  tectonic  features  can  be  seen  from  the  geological 
maps  and  the  sections.  The  general  direction  of  the  fault  lines 
is  ^N  W-SSE,  parallel  to  the  strike  of  the  Heclahook  rocks. 

Regarding  the  age  of  the  dislocations,  the  Red  Bay  fault  is 
probably  very  old,  as  the  red  "Wood  Bay  beds,  farther  south, 
do  not  seem  to  be  affected  by  it.  Tho  down  faulting  of  the 
Tertiary  areas,  and  probably  the  big  fault  along  the  west  coast, 
are  of  post-Miocene  age.  There  was  observed,  however,  in 
Prince  Charles  Foreland,  a  feature  that  seems  to  indicate  that 
this  great  dislocation  has  continued  since  an  older  time.  The 
Tertiary  beds  are  there  seen  to  rest  directly  upon  the  Hecla- 
hook, all  the  younger  formations  having  been  eroded  away  in 
pre-Mtocene  time.  This  erosion  is  therefore  most  naturally 
explained  by  an  early  uplift  of  this  western  region. 

An  interesting  feature  in  connection  with  the  big  fault  that 
separates  the  Heclahook  horst  on  the  east  of  the  Foreland 
Sound  from  the  great  eaEtern  down-sunken  area,  is  the  tectonic 
disturbances  near  the  fault  line,  telling  of  an  immense  tangen- 
tial pressure.  The  finest  illustration  of  this  is  seen  on  Brog- 
ger's  Peninsula,  where  a  great  sheet  of  Heclahook  schists  is 
pushed  several  kilometers  to  the  north  over  the  Carboniferous 
limestones. 

The  age  of  the  fault  on  the  west  side  of  the  Wood  Bay 
Series,  running  nearly  in  a  straight  line  for  80-90'™,  cannot 
as  yet  be  fixed  with  certainty.  Tliere  are  several  facts  that 
seem  to  indicate  an  early  pre-Carhoniferons  age,  which  would 
mean  that  we  have  here  one  part  of  the  western  limit  of  that 
tJraben  of  which  the  pre-Oarboniferous  Wijde  Bay  fault  is  the 
eastern. 

That  the  fault  line  has  very  recently  been  also  a  line  of  weak- 
ness is  shown  by  the  occurrence  of  young  volcanic  masses  that 
in  two  places  are  situated  directly  upon  it.*  At  one  place,  in 
Bock  Bay,  can  still  be  seen  the  well-preserved  remnants  of  a 
volcanic  cone,  500  in.  high,  built  np  of  lapilli  and  tuffs,  often 
with  boinijs,  and  crossed  by  lava  veins.  The  rock  in  these  is 
trachydolerites,  rich  in  alkalies,  and  thus  different  from  the 
oi-dinary  young  volcanic  rocks  of  the  northeastern  Atlantic 
region.  The  Bock  Bay  volcano  is  certainly  of  Quaternary  age, 
as  it  is  situated  near  the  bottom  of  an  ice-eroded  valley,  and 
the  lava  streams  commonlj'  contain  boulders,  originally  belong- 

*  See  Hoel  end  Hottedabl :  Les  nappea  ile  lave,  lea  toIcbds  et  les  ftonroea 
thenuates  dana  les  environa  <le  la  Bain  Wood  an  Spitaberg,  Videnakapaselak. 
Skrifter,  I.  Mat.-Natnrv.  Klaaee,  1911. 
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inf;  to  the  moraines  of  the  f^laciere  of  the  Ice  Age.  The 
second  volcanic  cone  U  sitaated  near  the  top  of  a  moDataia 
ridge  farther  to  the  soath,  and  is  mnch  more  diseected. 

Additional  evidence  indicating  inetabtlity  along  this  same 
fault  line  is  the  presence  of  a  large  nnmber  of  warm  springs, 
with  a  maximum  temperature  of  29°  Celsius,  many  of  which 
have  built  up  beautiful  basins  of  carbonate  of  lime. 

Covering  all  the  higher  part  of  the   eoutberu  area  of  tlie 

feniuBuIa  oetween  Wood  BB,y  and  Wijde  Bay  occurs  another 
ind  of  volcanic  rock.  Here  we  find  thick  "bede  of  basaltic 
lavas,  often  with  a  wonderfully  well-developed  columnar  struc- 
ture, liegarding  the  age  of  these  rocks,  their  petrologic  rela- 
tion to  the  well-known  Cretaceous  or  early  Tertiary  diabases 
of  Spitzbergen  may  indicate  synchroneity  with  the  latter. 
Assuming  a  Tertiary  age,  we  would  also  have  contemporaneity 
with  the  basaltic  rocks  of  the  other  north  Atlantic  countries. 
The  physiographic  features  of  the  lava  region  also  suggest  a 
rather  young  age.  We  may  for  very  long  distances  walk  on 
the  quite  plane  and  smooth  lava  snrface,  as  if  the  igneous 
material  had  flowed  out  only  a  short  time  ago.  Yet  we  iiud  a 
great  number  of  ice-eroded  valleys  cutting  through  the  lavas 
and  far  beneath  them,  showing  that  the  Tava  must  be  older 
thim  the  time  of  greater  ice  distribution,  since  at  present  the 
region  is  almost  barren  of  glaciers.  It  seems,  liowever,  as  if 
this  lava  land  iiad  not  been  at  any  time  wholly  ice-covered,  as 
we  know  Spitzbergen  in  general  has  been. 

The  lava  lies  on  an  ideally  plane  surface,  cut  in  the  folded 
Devonian  rocks.  Probably  the  outflow  took  place  when  this 
KUi-face  was  at,  or  near,  sea-level,  and  later  the  whole  region 
was  uplifted,  at  the  north  end  of  the  peninsula  only  300-400  m., 
at  the  southern  1200-1300  m. 
University  of  KriHtUnio.  October,  1913. 
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Art.  XXXVI. —  The  Permian  Geology  of  Northern  Brasil; 

by    MiGDKL    ASROJADO    R.  LiBBOA. 

Introductory. — In  1909,  when  employed  by  the  Service 
Geologico  do  Brazil  to  make  a  geological  reconnaissance  in  the 
aortliern  and  northeaeteni  states  of  that  conotry,  I  was  espe- 
cially requested  to  investigate  the  supposed  occurrence  of 
Psaroniua  in  the  state  of  Piauhy, 

The  city  of  Para  was  selected  as  a  convenient  starting  point 
for  the  expedition,  and  in  the  natnml  history  museum  at  that 
place  I  found  a  characteristic  specimen  of  Psaroniua  not  more 
than  a  decimeter  in  diameter.  It  was  not  labeled,  but  was 
reported  to  have  come  from  the  state  of  Haranhao,  and  to  have 
been  received  as  a  gift. 

Afterwards  I  made  inquiries  in  the  city  of  Maranhao  among 
the  collectore  of  mineral  specimens,  and  among  the  many  exam- 

fles  of  fossil  plants  examined,  almost  all  of  tnem  angiosperme, 
had  the  good  fortune  to  find  a  trunk  of  a  typical  and  beauti- 
fully preserved  Pearonius.  about  40  centimeters  in  diameter. 
This  specimen  was  in  the  corner  of  a,  hail  in  the  Episcopal 
Seminary  and  had  long  been  used  as  a  seat  in  the  chapel  or 
cathedral  by  the  Rev.  Alvarenga,  late  bishop  of  the  diocese. 
Through  the  courtesy  of  the  Rev.  (ralvao,  governor  of  the 
bishopric,  this  tine  trunk  lias  been  sent,  at  my  request,  to  the 
collections  of  theServi^o  Geologieo  do  Brazil  at  Rio  de  Janeiro. 

The  locality  from  which  it  came  was  known  only  very 
vaguely.  The  Bishop  had  received  it  as  a  gift  from  the  Rev. 
Manoel  Gongalves  Riheiro  in  the  year  1889  or  thereabouts, 
while  making  a  pastoral  visit  through  the  province.  The  Rev. 
Ribeiro  bad  died  while  vicar  in  S.  Francisco,  but  I  learned 
definitely  that  the  trunk  had  originally  been  found  in  the 
region  of  the  Pamahyba  river  above  the  city  of  Floriano. 

With  this  and  many  other  indications  of  geological  occur- 
rences of  various  natures,  I  was  enabled  to  outline  a  trip,  having 
in  view  a  general  geological  reconnaissance  of  the  state  of 
Maranhao  and  of  the  north  of  Goyaz.  This  plan  was  success- 
fully carried  out.  Witii  the  help  of  an  assistant,  the  topogra- 
pher Hans  Baumann,  I  resolved  to  visit  convenient  points  in 
the  interior  of  the  state,  meandering  it  in  directions  approxi- 
mately east-west  and  north-south,  and  having  our  traverses 
frequently  tied  up.  Thus  we  would  have  an  opportunity  to 
observe  the  various  beds  of  the  Pindare,  Grajahu,  Mearim, 
Corda,  Alpercatas,  Itapicurfi,  Balsas,  and  Pamahyba  rivers  in 
different  places,  and  at  the  same  time  to  examine,  in  the  stream 
channels,  the  underlying  sediments  which  are  elsewhere  cov- 
ered with  sand. 
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The  followiDg  program  was  carried  oat.  I  went  tip  the 
Itapicura  alone  aa  far  as  Codo,  crossed  its  divide  with  the 
Mearim  and  readied  Barra  do  Corda,  and  later  tlie  Cirajaliti 


river.  Turning  to  tlie  southeast  I  crossed  the  upper  Mearim, 
the  Corda,  Alpercatas  at  Mirador,  and  the  upper  Itaplcuru, 
and  then,  after  passing  tliroiigh  Pastos-Bons,  reached  the 
Parnahyha  river  above  Floriano.  I  then  followed  this  river 
to   Therezina,  crossed  its   divide   with   the  Itapicnru  in  the 
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vicinity  of  Oaxias,  and  then  crossed  tlie  northern  part  of 
Pianhy  by  way  of  Livramento,  Cainpo  Maior,  and  Peripiri.  I 
then  passed  tlie  Serra  Geral,  S,  Benedieto,  and  finally  Vi^osa 
and  CaiDocim  in  Ceard. 

My  assistant,  Mr.  Banmann,  went  np  the  Mearim  to  Pedrei- 
ra&  and  Barra  do  Corda  and  reached  (rrajatm,  where  we  had 
arranged  to  meet.  From  there,  crossing  the  plateau  which 
forme  the  watershed  of  the  Pindar^,  he  examined  the  lowlands 
of  the  Tocantins  at  Carolina,  and  turning  to  the  east  reached 
the  headwaterE  of  the  Pamahyba  at  Riachao  and  the  Balsas  at 


Santo  Antouio.  He  then  crossed  the  plateans  which  flank  the 
Chapada  das  Mangabeiras  and  form  the  divide  between  the 
Pamahyba  and  the  Tocantins  rivers,  crossing  the  rivers  Manoel 
Alves  Grande  and  Manoel  Alves  Peqneno  and  reaching  Pedro 
Affonso  and  Porto  Nacional,  in  Goyaz,  from  which  place  lie 
followed  down  the  Tocantins  to  Pari, 

This  exploration  led  to  the  discovery  of  a  great  many  local- 
ities where  Psar<muis  occurs  in  the  states  of  Maranhao,  Piauhy, 
and  Ooyaz,  and  consequently  to  the  verification  of  the  presence 
of  an  extensive  Permo-Carbouiferons  zone  in  these  northern 
states.  And  at  the  same  time  it  was  not  only  possible  to  ob- 
serve in  detail  the  strncture  of  the  upper  Permian,  but  also  to 
recognize  another  series  of  sediments  between  that  horizon  and 
the  Cretaeeons  which  is  indicated  by  the  presence  of  silicified 
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dicotyledonous  woods.  Diabaeic  eruptive  rocks  of  different 
types  were  also  discovered,  occnrring  in  a  manner  simitar  to 
tboee  in  the  sonth  of  Brazil.  In  the  absence  of  paleontologic 
evidence,  these  eruptives  suggest  the  provbional  placing  of 
certain  overlying  reddish  sedimentary  oeds  in  the  Triassic 
The  area  of  Cretaceous  sediments  in  the  states  of  Piaoby, 
Maranbao,  and  G-oyaz  has  been  considerably  limited.  For  the 
greater  part,  tlie  interior  of  the  first  two  of  these  states  and  a 
large  part  of  the  third  is  made  ap  of  upper  Paleozoic  and  lower 
Mesozoic  sediments  which  only  future  study  and  paleontolog- 
ical  studies  can  definitely  outline. 

Localities  of  Fossils. 

In  tbe  course  of  the  exploration  many  fossiliferooB  localities 
were  discovered.     Most  of  them  are  referred  to  here. 

1.  Marine  tnoUueca. — Marine  shelb  were  seen  in  Camta- 
pera,  between  Turyaseu  and  Gurupy,  on  the  western  part  of 
the  coast  of  Maranhao.  They  are  of  Cretaceous  age,  and  very 
probably  of  the  same  geological  horizon  as  those  of  Piabas 
in  Pari. 

2.  Dicoti/ledorunis  wtwrfs.— Silicified  woods  were  found  in 
the  high  platcan  regions  of  Grajaliu  and  Mearim.  These  plants 
are  of  common  occurrence  in  this  region,  and  are  well  known 
to  the  inhabitants.  They  are  called  Capitao  do  Campo  (Cap- 
tain of  tbe  campo),  whicli  is  the  name  given  to  a  tree  common 
in  the  campos  of  tbe  north.  Specimens  were  collected  in  place 
at  tbe  following  localities  : 

((rt  At  Fazenda  do  Torto,  nine  kilometers  from  the  city  of 
Grajab6,  I  made  a  collection  of  material  in  place.  The  speci- 
mens sent  to  the  Servi^o  Geologico  are  parts  of  a  large  trunk 
imbedded  in  grayish  quartzitic  sandstone  five  meters  below  the 
surface  of  the  ground.  In  certain  parte  of  the  trunk,  deeply 
buried  and  attached  to  the  sandstone,  could  be  seen  zones  of 
different  textures  and  colore,  crossing  indifferently  the  qaartzite 
and  the  silicified  trunk.  This  indicates  that  the  silicification  in 
this  particular  case  occurred  wliere  the  fossil  was  found ;  its 
original  resting  place  was  therefore  the  quartzitic  sandstone 
of  Torto. 

{b)  Fazenda  da  Coellio,  twenty-four  kilometers  down  the 
river  north  of  Grajahn. 

(c)  Fazenda  Monte  Alegre,  twelve  meters  to  the  northwest 
of  Grajahn. 

{d)  Fazenda  da  Extrema,  six  kilometers  to  the  south  of 
Grajahn. 

In  tliese  localities  all  of  the  specimens  fonnd  are  of  dicotyle- 
donous woods. 
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3.  Lowlands  of  the  Pamahyha. — In  the  region  of  tlie  Par- 
naliyba  river  in  the  states  of  Maranhao  and  Piatihy,  silicitied 
dicotyledoDons  woods  occur  ^'ery  abundantly  and  usually  asso- 
ciated with  conifers  or  with  Psaronius.  Along  the  channel 
of  tlie  Pamahyba  specimens  were  found  in  the  high  banks  of 
the  lowlands  which  border  the  river. 

Whenever  it  was  possible  to  determine  the  conditions  of  the 
pecniiar  association  it  was  found  that  these  silicificatione  occur 
in  a  recent  conglomerate,  in  which  I  could  identify,  with  cer- 
tainty, detritus  or  pebbles  of  roclts  from  the  different  strata  of 
the  region,  ranging  from  the  Permian  up.  These  woods  show 
by  their  rounded  surfaces,  positive  signs  of  transportation.  I 
found  with  them  on  the  surface  of  ground  trunks  of  dicotyle- 
dons which  I  believe  to  be  Permian,  bnt  without  any  traces  of 
rounding  through  erosion,  or  indicating,  at  most,'  very  little 
transportation. 

This  is  explained  by  the  occurrence  of  Cretaceous  chapadas 
very  near  the  river  and  probably  covering  the  Permian  sedi- 
ments. The  slight  erosion  due  to  transportation  for  a  short 
distance  is  sufficient  explanation  of  the  occurrence  of  these 
silicitications  on  the  bank  of  the  river  and  above  the  Permian. 
The  dicotyledonous  trunks  showing  evidence  of  an  almost 
imperceptible  amount  of  transportation  which  are  found  at 
Pedras,  twenty-four  kilometers  south  of  Floriano,  lie  in  a 
residuary  sandy  soil  derived  from  the  Permian  sandstone. 

Under  the  circumstances  above  described  fossil  dicotyledon- 
ous woods  occur  in  the  following  localities : 

(a)  Surubi  on  the'Parnahyba  river,  between  the  "  grota  do 
Mendes''  and  Floriano,  close  to  a  sheet  of  compact  diabase. 

(6)  Pedras,  twenty-four  kilometers  south  of  Floriano,  on 
the  Maranhao  bank  of  the  Parnahyha. 

{c)  In  the  vicinity  of  Floriano  on  the  Maranhao  bank  of 
the  Pamahyba. 

{d)  Alagoas,  five  leagues  from  Amarante  (J)  (Specimens 
donated  and  the  location  doubtful.) 

(e)     Neighborhood  of  Amarante  in  Piauhy. 

if)  Logoa  near  Floriano  on  the  Maranhao  bank  of  the 
Parnahyba  river. 

GymnoBperm  phanerogams. 

(o)  Coniferit.  Trunksof  conifers  in  the"grotado  Mendes," 
associated  with  Psaroniua.  These  were  collected  by  me  from 
a  gray  sandstone  directly  overlying  marly  calcareous  disinte- 
grating shales  along  the  hank  of  the  Parnahyba.  There  is  no 
donbt  that  these  fossils  were  collected  in  their  original  resting 
place. 
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This  explains  the  aDBDccesfifiil  attempt  to  find  dicotvledunone 
foesil  woods  in  this  locality.  And  it  proves  that  conifers 
occnr  with  Pearmiitia  in  the  Permian.  The  occurrence  of 
these  gjmnosperms  with  dicotyledonons  woods  in  the  north  of 
Brazil  mast  be  considered  as  a  geological  accident  due  to 
recent  transportation. 

CryptogaiHB. 

{f>)  At  Codo  in  Maranbao  conifers  were  found  on  fazenda 
Uniao  after  my  visit  and  in  compliance  with  my  request. 

Psaronius.  Beautifully  preserved  specimens  of  Psaronim 
were  collected  by  me  in  Maranliao  and  Fianhy,  and  by  Mr. 
Baumann  in  Goyaz  and  also  in  Maranhao  near  the  Tocantins. 

We  collected  specimens  from  the  following  places : 

(a)  Ghapadado  Jaboti,  in  Maranhao,  near  the  Paraahyba. 
between  Nora- York  and  Floriauo. 

(&)  In  the  "grota  do  Mendes"  not  far  from  the  above 
locality.     They  are  there  associated  with  conifers. 

(fl)  In  the  bed  of  the  Poty  river  a  little  above  its  mouth,  at 
the  road  leading  from  Therezina  to  Campo  Maior. 

(d)     In  the  streeta  and  public  squares  of  Therezina. 

{e)  In  Livramento  near  Campo-Maior  about  56  kilometers 
northeast  of  Therezina. 

{f)  In  the  neighborhood  of  the  village  of  the  Crahos 
Indians,  on  the  divide  between  the  Manoel  Alves  Grande  and 
Manoel  Alves  Pequeno  rivers,  in  Goyaz. 

{g)  On  the  fazenda  of  Burytisal,  west  of  the  Tocantins, 
seventeen  kilometers  from  Porto  Nacional  in  the  central  part 
of  Goyaz. 

(A)  Near  Carolina  on  the  Tocantins  in  the  state  of  Maran- 
hao. 

Still  other  localities  with  Psaronius  were  noted  by  me,  or 
by  the  inhabitants  of  the  regions  visited,  bnt  in  none  of  these 
was  it  possible  to  determine  the  stratigrapbic  conditions  under 
which  the  fossils  occur. 

(i)  In  Carnsnba  de  Pedra,  forty-eight  kilometers  from 
Ftores,  which  is  on  the  bank  of  the  Parnahyba  opposite  There- 
zina. 

{i)  Along  the  Cajaseiras  line,  not  far  from  Flores,  silicifi- 
cations  characteristic  of  Permian  beds  seem  to  occur  together 
with  plant  remains  which  I  judge  to  be  the  central  woody  part 
of  a  Paaroiiiua.  The  occurrence  of  Paaroniua  in  the  region 
explored  is  not  only  very  common,  as  is  shown  by  the  dis- 
coveries made,  but  is  also  generally  known  to  the  inhabitants, 
who  readily  distinguish  the  Psaronius  from  the  phanerogams 
which  are  of  common  occurrence  to  the  northeast.  "  Carnau- 
heira petrijicada"  (petrified  palm)  is  the  ordinary  name  given 
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to  the  fossil.  This  erroneous  identification  of  the  woody  cen- 
tral roots  of  Psaronius  with  those  of  the  fibro-raseular  ban- 
dies of  the  carnanbeira  {Copemicea  cerifera),  abundant  in  the 
region,  uot  only  shows  the  observant  character  of  the  inhabit- 
ants, but  also  ^ords  a  relatively  safe  basis  for  the  provisional 
identification  of  fossil  woods  occurring  in  localities  not 
examined. 

5.  Foaail  jiakea. — In  the  Pastos-Bone  region,  according  to 
information  furnished  by  the  inhftbitants,  there  are  fossil 
fishes.  I  was  given,  in  that  locality,  a  piece  of  the  backbone 
of  a  fish,  as  yet  nnclaeeified,  but  I  have  no  information  in 
regard  to  the  character  of  the  beds  from  wliich  it  comes. 

In  this  zone  there  should  occur  the  contacts  of  two  or  three 
Beries  of  sediments,  as  will  be  seen  farther  on.  The  identifica- 
tion of  this  foEfiil  will  probably  determine  the  geological  age 
of  the  sediments  of  Pastos-Bone,  and  further  study  will  permit 
a  better  discrimination  of  the  beds. 

6.  Fish  scales. — In  Fiorlaoo  I  got  some  ganoid  fish  scales 
that  came  from  Frasqueira,  seventy-two  kilometers  from  Flori- 
ano,  but  the  locality  could  not  be  examined. 

Paleoiotany. — All  the  specimens  of  fossil  plants  found  were 
silicified,  and  at  times  they  were  beautifully  preserved.  Dr. 
Orville  A.  Derby  submitted  the  specimens  we  collected  to 
Count  Salms-Lanbach,  who  made  a  detailed  paleobotanical 
study  of  them  and  pronounced  them  to  be  Permian  types. 
This  study  gave  evidence  of  the  existence  of  various  types 
of  Psaronius.  It  is  to  be  noted  that  specimens  of  Psaromua 
are  still  found  in  place  in  the  purple  sandstone  of  tlie  Jaboti 
tablelands  above  the  gray  sanastone  containing  conifers  and 
Psaronius  of  other  types. 

These  were  in  the  base  of  sandy  sediments  which  overlie 
marly  shales  containing  calcareous  layers. 

From  the  erosion  of  the  gray  sandstone  beds  there  resulted 
the  accnranlation  of  the  silicified  plants  on  the  surface  of  the 
tower  slaty  shales.  The  discovery  of  a  great  number  of  these 
localities  at  considerable  distances  apart,  made  in  a  hurried 
reconnaissance  and  the  presumption  that  different  types  cor- 
respond to  different  localities,  as  well  as  the  incomplete  study 
of  poorly  preserved  specimens,  emphasize  the  importance, 
from  a  paleobotanical  point  of  view,  of  tlie  study  of  the  Per- 
mian plants  of  northern  Brazil.  The  great  extent  of  these 
sediments  in  the  north  is  also  noteworthy. 

In  every  locality  where  conifers  were  found  in  place  I  have 
found  that  they  either  accompany  the  Psaronius  and  come 
from  the  same  sedimentary  deposit,  or  else  were  isolated  and 
not  accompanied  by  other  fossil  plants. 

In  no  undoubted  Cretaceous  locality  did  I  find  conifers  aseo- 

Am.  Joub.  aci.-FonBTH  SnuBB,  Vol.  XXXVII,  No  321.— Hat,  1BI4. 
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ciated  with  dicotyledonoos  woods.  Silicified  conifers  are  abun- 
dant in  the  soutli  of  Brazil,  not  only  associated  with  Steriotter- 
num  tumidum  Cope,  of  the  Permian,  bat  very  probably  witli 
Paaroniu8  also. 

CHABACTKBiaTIC   GkOLOGICAL    FEATITBES. 

In  tlie  absence  of  paleontologic  evidence,  some  special  fea- 
tures of  the  rocks  and  of  the  geolo}^  in  the  north  permit  a 
?roviBional  determination  of  the  age  of  certain  sediments, 
hus  the  nature  and  mode  of  occurrence  of  the  eruptive  rocks, 
as  well  as  the  presence  of  siliceous  beds  or  concentrations  in 
limestones  and  other  rocks,  or  in  the  pebbles  of  conglomerates 
derived  from  these  materials,  are  very  characteristic  of  certain 
Triassic  or  Permian  sediments. 

Eruptive  rocks. — Two  different  eruptive  rocks  cut  the  pre- 
Cretaceous  sediments  in  the  region  explored.  Both  are  diabasic 
and  differ  from  each  other  in  their  textures,  whicii  seem  to 
have  a  definite  relation  to  the  more  or  less  recent  age  of  the 
beds  which  they  cross.  Observation  here  showed  that  the  pres- 
ence of  these  two  types  seems  to  have  a  definite  relation  to  the 
age  of  the  sediments  just  as  in  the  south  of  Brazil. 

Theconmaet  diabase. — This  black,  eruptive  rock  is  a  normal 
diabase  which  crops  out  in  the  bottom  of  the  valleys  where  ero- 
sion has  exposed  beds  older  than  the  Psaronius-bearing  sand- 
stones.    It  occurs  in  two  manners : 

1.  In  place,  forming  dikes  or  sheets  which  crop  out  above 
the  marly  shales.  These  eruptives  form  the  base  of  the  Per- 
mian sandstones  with  Psaronius  in  the  channel  of  the  Pama- 
hyba  river.  In  Surubl,  in  Coroa  do  Pinga,  and  in  other  points 
along  the  Parnahyba,  it  forms  the  rapids  of  the  river ;  in  Ama- 
rante  it  seems  to  form  a  sheet  in  the  lower  part  of  th«  Permian 
sandstones.  At  Picos  Dr.  Koderic  CrandslI  has  observed  this 
same  rock  cutting  through  the  argillaceons  shales  and  outcrop- 
ping in  the  lower  zone  otthe  eroded  red  sandstone.  Dr.  G.  A. 
Waring  and  Dr.  Manoel  Arrojado  Lisboa  have  also  noticed 
this  type  under  identical  stratigraphic  conditions  on  the  npper 
Poty,  directly  behind  the  scarps  of  the  Serra  Geral. 

2.  The  same  rock  is  also  exposed  in  great  rounded  blocks 
scattered  over  the  surface  of  the  Permian  sandstone  areas. 
These  accumulations  of  blocks  bring  to  mind  glacial  bowlders, 
but  very  likely  they  merely  result  from  the  rapid  decompo- 
sition of  the  diabase. 

(b)  Trap. — The  other  eruptive  is  also  a  pyroxeae-bearine 
rock  with  plagioclase,  but  is  commonly  amygdaloidal  and  rich 
in  2eolyteB.  It  represents  a  later  eruptive  phase  of  the  same 
diabase  (1).     This  rock  occurs  in  Grajalm  in  a  large  flow.     It 
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was  Been  over  a  lai^e  area  in  the  vicinity  of  that  city  occar- 
rine  not  only  above  Grajahd  bat  also  in  the  divide  between 
the  Itapicnru  and  Tocantins  rivers,  near  Carolina  on  the  Tran- 
qneira  river.  This  type  of  ernptive  also  appears  in  the  hieh 
divides  between  the  Meariiu  and  the  Corda  and  between  the 
Corda  and  the  Alpercatas.  It  forms  sbeete  between  beds  of 
red  sandstone,  correlated  in  his  paper  with  the  Triassic  as  was 
done  in  the  south.  In  no  part  of  the  north  of  Brazil  have 
ernptives  been  seen  cutting  Cretaceous  sediments.* 

Siliceous  heda,pi»olitic  aandttonea  and  cherts. — Pisolitic  sili- 
ceoa*  formations  occur  among  the  upper  Permian  sediments. 
There  are  also  opal  beds  in  the  limestones  and  the  anntlaceous 
shales  which  underlie  the  Psaronius  sandstones.  Tnese  sili- 
ceous rocks,  accompanied  by  the  disintegrated  material  of  the 
rocks  which  contain  them,  are  scattered  in  the  form  of  bowld- 
en  over  the  surface  of  large  areas,  giving  a  reasonably  safe 
indication  that  they  are  derived  from  definite  sediments.  The 
same  thing  happens  in  the  case  of  certain  siliceous  concentrations 
(silicate  of  iront),  light  green  in  color,  from  the  amygdaloidal 
ernptive  rock,  which  either  form,  as  bowlders  of  decomposition, 
a  sarficial  bed  over  Urge  areas,  or  else  separate  the  eruptive 
from  the  overlying  sandstone. 

Such  occurrences  have  not  been  found  in  the  Cretaceous 
sandstones.  The  Cretaceous  sediments  in  northern  Brazil  are 
essentially  sandy,  and  as  they  approach  the  Triassic  and  the 
Permian  they  become  more  and  more  clayey. 

The  facts  to  which  I  have  referred,  and  the  stndy  of  the 
geology  along  certain  sections,  made  it  possible  to  separate  for 
the  first  time  the  geologic  sediments  of  northern  Brazil  in  the 
states  of  Maranhao,  Piauhy,  and  Goyaz. 

The  Pebmiut  and  Post-Pbbhian  Kooks. 

The  discover}'  of  Psaronius  in  the  states  of  Maranhao, 
Piauhy,  and  Goyaz,  and  of  fossil  dicotyledonous  plants  io 
Marannao,  permits  the  identification  of  extensive  beds  of  a 
great  system  of  sediments  in  the  nortli  of  Brazil.  In  the  ab- 
sence of  paleontologic  evidence,  the  post-Permian  or  pre-Cre- 
taceous  beds  could  only  be  separated  with  much  uncertainty. 
The  characteristic  features  of  the  rocks  of  one  series  and  their 
ana1(^y  with  the  sediments  of  southern  Brazil  led  me  to  refer 
it  to  the  Triassic. 
Upper  Permian  Pamahyba  Series. 

The  Permian  sediments  with  Psaronius  were  first  identified 
by  me  in  tlie  plateau  of  Jaboti  and  in  a  little  brook  known  as 

*  The  ledimeiiUr;  beds  of  the  AbrolhoacoTsred  byemptiTM  wera  referred 
bv  Hutt  to  the  Cretaoeooa.  Ther»  u  no  certainty,  however,  abont  the  age 
of  the  Abrolboe  beds. — J.  C.  Branner. 
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the  "erota  do  Mendes"  which  ruDs  from  that  plateau  to  the 
Parnabyba.  This  locality  ia  in  the  channel  of  tne  Parnahyba 
river  between  Floriano  and  Kova  York. 

ShtUea. — ^The  eandy  Permian  formation  in  the  section  exam- 
ined rests  npon  ashen  gray  marly  shales  and  calcareone  beds, 
and  is  capped  by  a  thin  layer  of  conglomerate.  A  thin  yellow 
residnal  intercalated  rock  seems  to  be  derived  from  a  limestone. 
These  rocks  outcrop  in  the  "grota  do  Mendes"  and  form  the 
bed  of  the  Parnahyba  river  in  that  region.  They  are  there 
covered  by  a  gray  sandstone,  but  they  were  not  seen  elsewhere. 

The  Mendes  aandaUme. — The  Mendes  sandstone  overlies  the 
shales.  It  is  an  ashy  gray  sandstone  grading  to  white  in  its 
upper  part.  It  outcrops  at  the  level  of  the  banks  of  the  Parna- 
hy Da,  and  contains  in  the  "grota  do  Mendes"  a  great  abun- 
dance of  Psaroniut  and  conifers  which  were  col&ted  from 
the  same  bed.  Some  of  them  have  the  same  dark  color  as  the 
rocks.  The  upper  part  of  this  sandstone  is  white,  friable,  and 
is  probably  the  rock  which  forms  the  marginal  plains  of  the 
Parnahyba,  down  stream  to  Floriano  and  beyond. 

Along  the  roads  overlying  this  rock  and  forming  the  surface 
is  a  recent  conglomerate,  containing  trunks  of  dicotyledonous 
plants  derived  from  a  later  sandstone  of  the  plateaus. 

Th*  red  sandstone  ofJaboti. — The  Jabott  sandstone  is  red 
with  purple  spots.  It  overlies  the  formation  just  described. 
The  large  and  beautiful  specimens  of  Paaronius  which  I  col- 
lected are  from  the  low  plateau  of  Jaboti.  Some  of  them  are 
forty  centimeters  in  diameter,  and  beautifully  preserved.  I 
collected  in  tilu  part  of  a  trunk,  which  I  preserved,  incrusted 
by  the  sandstone  of  the  plateau.  The  ouier  three  specimens 
came  from  this  same  trunk,  but  the  material  in  which  ttiey  were 
imbedded  had  been  removed  before  my  visit. 

On  examini^  the  material  from  a  well  which  was  being  dug 
at  this  time  in  Floriano,  I  noticed  that  a  layer  of  sandy  sbues  of 
a  chocolate-red  color  separated  the  gray  sandstone  of  Mendes 
with  six  meters  of  thickness  from  the  red  sandstone  of  Jaboti. 
Although  these  appeared  to  be  distinct,  it  seems  best  to  include 
them  with  the  Jaboti  sandstone  because  it  appears  that  these 
beds  of  shale  occur  frequently  in  other  localities  intercalated 
in  this  red  Jaboti  sandstone,  which  has  a  great  development, 
and  extends  north  and  south  forming  the  second  bottoms  of 
the  Parnahyba  river. 

In  Amarante  the  river  cuts  a  range  of  plateaus  with  an 
escarpment  ISO  meters  high.  They  are  made  up  of  white  and 
red  sandstone  with  pisolitic  concretions.  In  tne  lower  part 
they  contain  flows  of  normal  diabase. 

The  chapadas  which  are  seen  farther  on  in  Castelhana  are  of 
the  Jaboti  sandstone.    This  same  sandy  formation  continues 


Dcillizedoy  Google 


JMboa — Permian  Geology  of  Northern  Brazil..       435 

east  and  west  of  Therezina,  asaall;  argillaceouB,  but  alw&ye 
containing  the  pisoHtic  sandstone,  passing  in  some  places  to  a 
true  clav,  called  tav4  by  tbe  inhabitants  of  tlie  region. 

The  Paaronius  from  Livramento  was  found  in  a  cultivated 
field  among  the  surface  pebbles,  already  detached  from  the 
rock,  which  is  here  a  very  clayey  and  friable  sandstone.  An 
examination  of  the  escarpments  of  the  snrronndiDe  elevations 
showed  that  they  were  formed  of  the  same  rea  sandstone. 
Psarojtiits  was  also  collected  from  red  sandstone  in  the  Balsas 
river  in  the  extreme  south  of  Maranbao;  in  Carolina,  and  in 
the  lowlands  of  the  Tocantins,  and,  according  to  tbe  notes  of 
Baamann,  in  the  Manoel  Alvee  Pequeno  and  Manoel  Alves 
Grande  rivers  in  Goyaz,  and  at  Porto  Nacional  west  of  the 
Tocantins. 

Piaolitic  rock. — A  characteristic  feature  of  the  Permian 
sediments  is  the  common  occnrrence  of  a  pisolitic  rock.  This 
was  first  noticed  in  Riachao  Fando,  near  tbe  "grota  do  Men- 
dee  "  at  the  contact  of  an  overlying  ashy  gray  sandstone  with 
the  Jaboti  sandstone.  There  the  two  sandstones  are  separated 
by  thin  flinty  beds,  light  in  weight,  chocolate-colored  and  with 
seed-Hke  grains.  This  rock  seems  to  be  derived  from  tbe 
alteration  of  a  pisolitic  limestone  whose  carbonate  of  lime  has 
almost  completely  disappeared.  As  a  rule,  however,  the  piso- 
litic rock  is  a  hard  white  sandstone  irregularly  interbedded  in 
the  Jaboti  red  sandstone. 

S.  Bartkolomeu  sandstone. — ^The  S.  Bartholomeu  sandstone 
is  ashy  gray,  in  places  friable,  in  others  it  is  hard  or  glassy, 
and  quite  commonly  false-bedded.  It  was  seen  near  the  little 
river  of  8.  Bartholomeu,  not  far  from  a  locality  where  Psaro- 
niu»  was  found.  It  occurs  along  tbe  road  from  Pastos-Bons  to 
Riachao  Fundo,  where  it  has  a  thickness  of  about  fifty  meters. 

The  Pastos-Bons  beds. — The  gray  sandstone  of  S.  Bartholo- 
meu is  overlaid  by  a  series  of  rocks,  generally  green  and  choco- 
late-colored in  alternating  layers,  and  made  up  of  sliales  and 
white  calcareous  layers  with  an  intercalated  white  sandstone. 

These  beds  were  first  seen  in  the  vicinity  of  Pastos  Bons, 
and  they  are  well  exposed  in  tbe  neighborhood  of  that  city  in 
the  beds  of  streams  draining  into  the  Farnahyba. 

Tbe  limestones  o£  the  series  are  rather  thin  and  contain 
many  layers  of  opal,  and,  like  the  shales,  they  are  alternately 
chocolate-colored  and  green.  On  top  of  these  beds  the  lime 
rock  is  thicker  and  is  well  exposed  at  the  colony  of  Gangorra 
near  Pastos  Bons,  where  they  have  a  thickness  of  three  meters 
and  are  of  a  beautiful  green  color.  "Without  doubt  this  is  the 
same  thin  limerock  that  outcrops  at  different  places  in  tbe 
Farnahyba  basin. 

There  is  a  limestone  with  this  same  thickness  of  three  meters 
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at  Caieira,  station  of  Aarao  Keis  on  the  Caxias-C^azeira  rail- 
way, wbicli  I  correlate  with  that  of  Gangorra.  It  is  \a  the 
same  Permian  zone  of  abundant  eilicifications  of  Paaronixu, 
and  it  is  noteworthy  for  having  ite  surface  eroded  at  the  con- 
tact with  the  overlying  sediments,  as  I  was  able  to  verify  in  a 
recently  opened  quarry.  This  shows  a  long  period  of  erosion 
before  the  depoeition  of  the  overlying  beds. 

At  Caieira  this  limeBtone  marks  a  geoniae  nonconformity 
and  must  repreeeot  the  top  of  the  Permian.  The  overlying 
sediments  are  rod  clays  which  alternate  with  white  sands  that 
extend  to  the  coast  and  are  sapposed  to  be  of  Cretaceous  or 
Tertiary  age. 

At  Gangorra  the  top  of  the  limestone  was  not  seen  in  con- 
tact with  the  upper  sediments  that  seem  to  overlie  them  con- 
formably and  which  are  the  Cagado  sandstones  on  top  and 
Croata  sandstones  beneath. 

The  Cagado  sandstone. — The  Cagado  sandstone  is  rather 
thick  and  uniform  in  appearance.  In  the  latitude  of  Pastes 
Bons  it  forms  the  middle  parts  of  the  plateau  escarpments  on 
the  sides  toward  the  Paraahyba.  It  is  everywhere  marked  by 
peculiar  big  white  and  red  splotches  that  characterize  the  limits 
between  the  upper  Permian  and  the  lower  Triaeeic  of  Brazil. 
Dr.  I,  0.  White  mentions  this  peculiarity  of  the  sediments  of 
Rio  do  Easto,  which  lie  regarded  as  of  lower  Triassic  age. 
The  repetition  of  this  phenomenon  in  northern  Brazil  in  the 
sediments  overlying  Permian  beds  containing  Psaroniua  just 
as  they  do  in  southern  Brazil,  is  worthy  of  note.  8ome  years 
^o  I  saw  the  same  phenomenoD  in  still  another  remote  region 
in  Brazil  almost  at  the  base  of  the  escarpment  of  the  Triassic 
plateau  of  Matto  Grosso  in  the  valley  of  the  Aquidauana. 
Those  sediments  I  now  recognize  as  probably  syncbronoas 
with  those  of  Cagado  in  Maranhao,  and  witli  those  of  Kio  do 
Rasto  mentioned  by  I.  C.  White  in  southern  Brazil. 

The  Cagado  sediments  extend  throughout  the  basin  of  the 
Itapicumi  in  the  latitude  of  Mirador. 

The  Croata  sajidstone. — Above  it  is  a  rose-colored  sandstone 
spotted  with  white  and  even  grading  into  white  with  intercala- 
tions of  shales  which  make  a  yellow  clayey  soil.  This  varie- 
gated rose-colored  sandstone  is  well  exposed  in  the  village  of 
Croats. 

The  Mkabih  Series  (Triassic?). 

The  upper  beds  are  composed  principally  of  red  sandstone 
and  include  flows  of  ainygdaloidal  trap.  These  are  probably 
synchronous  with  the  beds  which  Derby  has  considered  Triassic 
in  S,  Paulo  and  Parani,  and  which  I.  C.  White  regarded  as 
the  upper  member  of  the  S.  Bento  series  in  his  Santa  Cathe- 
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rina  By&tem.  These  sediments  extend  from  Alpercatas  to 
Grajahu. 

The  Corda  sandstone. — The  Corda  sandstone  is  greatly 
developed  ia  the  upper  Mearini  and  also  in  its  tributary. 

In  tliat  region  a  large  nnmber  of  small,  red,  table-topped 
hills  are  scattered  about  in  the  extensive  plains  which  form 
the  terraces  of  the  channels  of  these  t^vo  rivers.  They  are 
here  isolated,  here  in  alignment,  or  perhaps  bandied  together 
in  a  sort  of  labyrinth,  separated  by  nniform  channels  planed 
down,  with  regular  slopes,  in  some  places  winding,  and  called 
hoqueiroea  by  the  inhaoitants.  These  give  the  region  a  char- 
acteristic physiographic  appearance. 

The  seoiments  are  uniformly  sandy  and  red  except  at  the 
contact  or  near  the  flows  of  the  eraptives.  Between  the 
Corda  and  Alpercatas  rivers,  at  Manoel  Theodore,  the  red 
sandstone  becomes  quartzitic.  In  the  high  divides  there  are 
eruptions  of  trap. 

The  thickness  of  this  sandstone  of  Corda  is  at  least  100 
meters.  At  Grajahu  a  bed  of  coarse  conglomerate  with  flint 
covers  a  flow  of  eruptive  rock  which  forms  an  extensive  sheet 
on  top  of  the  red  sandstone.  In  the  Serra  Vermelha  this  bed 
seems  to  be  covered  by  a  red  sandstone. 

The  Herra  Vermelha  is  made  up  of  the  front  wall  of  the 
platean  in  tlie  marginal  plain  of  the  Grajahi  above  tlie  city  of 
that  name.  Here  it  can  be  seen  that  the  beds  dip  locally  in  a 
west-nortiiwest  direction.  The  thickness  of  the  red  sandatone 
beds  and  the  included  trap  is  235  meters.  On  this  sandBtone 
there  lies  unconfortnably  a  yellow,  friable  sandstone  which 
was  included  in  the  upper  series  of  Cretaceous  sediments. 

The  Gbajahi^  Sebibs  (Cretaceous). 

The  (^jahu  series  is  quite  thin.  It  is  composed  of  two 
types  of  sediments,  a  yellow  friable  sandstone  covered  by  a 
quartzitic  sandstone,  with  silicified  trunks  of  dicotyledons.  It 
forms  the  top  of  the  plateau  of  Grajahu. 

The  Cretaceous  of  the  interior  seems  to  extend  uninter- 
ruptedly to  the  coast,  the  sediments  being  argillaceous  in  some 
places  and  sandy  and  friable  in  others.  At  Carutapera  in  the 
extreme  northwest  of  Maranhao  1  observed  a  fossiliferous 
limestone  with  a  fauna  similar  to  that  of  Piabas,  This  shows 
therefore  the  existence  of  marine  Cretaceous  basins  on  the 
coast  of  Maranhao. 

0th  EB  Sedihemtb. 

Certain  sediments  were  observed  under  such  conditions  that 
it  is  difficult  to  locate  them  in  the  geologic  column  of  the 
region.     Among  these  is  a  series  containing  bituminous  shales 
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and  certain  calcareouB,  sandy,  and  marly  beds  in  the  middle 
parts  of  Rio  Itapicurd  and  Kio  Mearim,  and  in  the  lowlande 
of  northern  Goyaz. 

These  bituminous  shales  are  associated  with  limestones  on 
the  Itapicaru  river,  near  Oodo,  on  the  Rio  do  Inferno,  in 
Igarape  Santa  Anna  (Fazenda  Uniao),  in  Igarape  do  Codo- 
sinho,  and  on  the  Mearim  river  at  the  city  of  Barra  do  Corda. 
A  single  specimen  of  a  coniferons  plant  from  Fazenda  Uniao 
does  not  nx  the  afire  of  these  sediments,  which  present  mnch 
the  same  featnres  in  all  of  their  outcrops. 

Bitwmino'ua  ahalea  of  Codo. — The  bituminons  shale  of 
Oodo  has  been  known  since  the  exploration  for  the  telegraph 
line  from  Capanema.  The  1<^  of  a  well  eight  meters  deep  on 
the  TJniao  estate,  river  Sant'  Anna,  shows  from  top  to  bottom 
the  following  beds : 

Log  ofatotU  at  Fazenda  UhiOo. 

6-  laminated  sandstone 

O'l  limestone 

0-1  shale 

0'5  limestone 

0-2  black  shale 

0"2  limestone 

.V bituminous  shale  oontinaes  in  depth. 

It  dips  aboQt  12°  to  the  north. 

In  the  Igarape  do  Codosinho,  the  total  thickness  of  the  cal- 
careons,  bituminous  sediments  is  six  meters.  They  overiie  a 
white,  soft,  coarse-grained,  loosely  consolidated  sandstone.  The 
occurrence  at  Ribeirao  do  Inferno  is  the  most  interesting. 

At  Igarape  do  Inferno  the  sediments  dip  about  30°  to  the 
south  and  strike  east  and  west.  I  have  measured  a  thickness 
of  twenty  centimeters;  the  total  thickness  is  probably  more 
til  an  fifty  centimeters. 

The  lower  sediment  is  a  boghead  coal,  similar  in  appearance 
to  the  MaraJiu  shale  of  Bahia.  It  overlies  a  thick  bed  of  well 
laminated  bituminous  shale  made  up  of  distinct  materials: 
black  bands  with  intercalations  of  a  bituminous  material,  com- 
posed of  shiny  grains,  resin -colored  and  rounded,  in  the  midst 
of  an  ashy  gray  to  dark  gray  mass  apparently  formed  of  the 
same  material  as  the  shales.  This  material  has  not  yet  been 
studied. 

In  the  hed  of  the  Mearim  river  the  bituminous  shales  are 
also  covered  by  a  limestone,  with  gypsiferous  intercalations 
and  siliceous  beds  parallel  to  the  biding,  which  dips  to  the 
south,  A  flaggy  sandstone  overlies  the  limestone  with  a  thick- 
ness of  more  than  fifty  meters.     A  conglomeritie  flint  (})  bed 
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seeniB  to  separate  these  two  sedinients,  although  it  wae  not 
poeaible  to  make  aoy  conclueive  obBenrations  in  tiiis  regard. 

In  G-rajah^  the  same  gjpsiferous  limestone  of  Mearim  ont- 
crops,  but  without  the  bituminouB  beds,  which,  if  thev  occur  at 
all,  are  below  the  level  of  the  river.  It  dips  to  the  north- 
northeast  and  is  covered  successively  by  red  cone^onieritic 
eandatODe  and  by  quartzite.  The  strike  is  N.  60°  W.  Near 
this  place  are  the  eroptiona  of  trap  already  described. 

In  the  Orajahti  river  the  gypsiferoua  limestone  clearly  dips 
to  the  north-northeast  and  underlies  the  red  sandstone  sedi- 
ments, supposed  to  be  Triassic,  which  are  cut  by  the  amygda- 
loidal  diaoase.  It  (the  limestone)  outcrops,  showing  a  thick- 
ness of  twenty-Sve  meters,  near  the  base  of  a  little  chapada 
capped  by  a  red  qnartzitic  sandstone  which  is  supposed  to  be 
the  same  as  the  Cretaceous  sandstone  of  Torto. 

A  bed  of  limestone  bowlders  apparently  separates  these  sedi- 
ments from  the  red  sandstone. 

The  notes  of  Baumann  show  that  these  bituminous  and 
gypsiferoua  shales  are  exposed  under  similar  conditions  in 
Ooyaz  at  the  confluence  of  Kio  Sereno  with  Bio  Manoel 
Grande  on  the  Tocantins  lowlands. 

Between  Codo  and  the  Barra  do  Corda  are  plains  and  low- 
lands withont  topographic  inequalities  to  facilitate  geological 
observations. 

In  the  lowlands  the  soil  is  usually  covered  by  iron-cemented 
rock,  and  since  the  character  of  the  rains  and  the  topography 
are  favorable  to  great  annual  fioods,  the  ground  is  frequently 
covered  by  alluvial  detritus  which  prevents  the  observation  of 
the  older  sediments.  For  this  reason  the  geological  observa- 
tions made  in  this  region  are  but  scanty. 

The  following  observations  seem  to  merit  mention,  however. 

The  road  from  Codo  to  Barra  do  Corda,  after  crossing  the 
bituminous  shales,  continues,  between  Fazenda  Uniao  and  Boa 
Esperanfa  on  a  lower  white  sandstone,  immediately  underlying 
the  bituminous  shales.  From  Boa  Esperan;^  to  the  village  of 
Pao  Douro,  a  two  days'  journey,  is  a  hopeless  traverse  for  the 
geologist.  There  is  only  bog  iron  ore  and  sandy  soil  without 
rock  outcrops.  The  road  climbs  to  the  village  of  P050S,  the 
white  sandstone  disappearing  and  being  succeeded  by  a  red 
sandstone  in  the  form  of  bowlders  in  the  soil,  but  showing  good 
stratification.  The  ground  there  begins  to  be  broken  by  table- 
topped  hills.  The  sediments  are  soft.  The  land  continues  to 
rise,  but  always  gradually,  to  Cruzeiro,  and  Iteyond  to  the 
Serra  da  Boa  Vista.     The  Serra  da  Boa  Vista  is  tlie  edge  of  a 

flateau    which   continues   to   the   Banks  of   Almeida  on    the 
tapicurli. 
With  a  fall  of  about  100  meters  the  road  descends  along  the 
steep  edge  of  the  plateau  toward  the  village  of  Pogoe,  which 
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has  ao  altitade  of  abont  100  meters.  It  is  in  this  region  that 
a  very  fermginons  calcareone  sandstone,  or  sandy  limestone, 
appears.  Little  bowlders  of  this  limestone  are  strewn  aionj; 
the  road  for  great  distances.  The;  remind  oae  of  a  bed  of 
brecciated  conglomerate,  loosened  at  the  sarface  bnt  composed 
exclusively  of  limestone.  In  this  respect,  this  sediment  is 
similar  to  those  of  Grajah^ ;  the  bed  with  blocks  of  limestone 
covers  this  gypsiferous  rock,  and  the  ernptive  flows  separate 
it  from  the  overlying  sandstones. 

The  limestone  continues  about  eight  kilometers  beyond 
Taboa  do  Baymundo  Felix.  From  there  on  there  are  abnndant 
flints  and  a  qnartzitic  sandstone  which  grades  to  a  white  sand- 
stone of  a  reddish  or  yellowish  tinge.  Between  Fazenda 
Moreiraand  the  Clemente  is  a  bowlder  oed,  the  flints  of  which 
strew  the  ground.  Like  those  of  limestones  and  of  the  erup- 
tives  of  Grajahii,  these  fragments  of  rock,  laid  on  the  sarface 
of  the  ground,  seem  to  come  from  a  nearly  horizontal  sedi- 
mentary bed  which  contains  them,  cropping  out  along  the 
surface  of  the  ground.  They  bring  to  mmd  a  breccia  of  dis- 
integrated sandstone. 

The  Chapada  do  Corda  rises  from  100  to  120  meters  on  an 
average,  and  falls  away  abont  80  meters  on  the  side  overlook- 
ing the  citj,  near  the  river.  At  the  base  of  the  chapada.  in 
the  channel  of  the  river,  the  bituminous  shale  appears  oeneath 
the  limestone  with  its  siliceous  beds. 

The  descriptions  given  above  will  enable  those  who  are 
acqnainted  with  the  Permian  geology  of  both  northern  and 
southern  Brazil,  taking  into  consideration  the  neighboring 
occurrence  of  the  Parnahyba  series,  to  consider  these  limestones 
and  sandstones  with  Hinti^  and  siliceous  laminations  as  Permian. 

The  diflicidty  of  placing  these  sediments  in  the  geologic  col- 
umn in  the  Maranhao  system  lies  in  the  impossibility  of  recog- 
nizing the  direct  relations  with  the  Permian  sediments  of 
Therezina  or  of  the  tableland  whicb  separates  Caxias  from 
the  Parnahyba.  In  the  Grajahn  region  also  the  succession  of 
the  sediments  is  not  very  clear. 

There  are  bituminous  schists  in  the  Cretaceous  in  Ceari, 
at  the  base  of  the  Araripe  beds,  near  a  basal  limestone,  and 
near  this  same  limestoue  is  a  gypsiferous  bed,  two  leagues 
from  Santa  Anna,  on  Fazenda  Angicos.  This  occurrence  has 
not  been  examined  by  a  geologist  and  the  etratigrapliic  rela- 
tion of  the  sediment  is  not  yet  known. 

The  examination  of  the  bituminous  shales  of  Inferno  and  a 
rapid  reconnaissance  between  Codo,  Caxias,  and  Therezina  will 
easily  solve  this  important  problem  of  the  gtology  of  Maranhao, 

The  calcareous  and  sandstone  sediments  with  ilints  of  the 
P050S  limestone  and  the  Cigana  sandstone  show  the  age  to  be 
Permian,  so  far  as  can  be  determined  by  observation  in  Brazil. 

The  fossil  conifers  collected  by  me  in  the  region  of  the  bitu- 
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minone  shales  of  Codo,  and  the  occurrence  of  the  same  fossih 
at  the  Barrs  do  Corda,*  where  the  eame  beds  outcrop,  support 
this  theory.  Onr  preliminary  studies  lead  us  to  conclude  that 
the  bituminous  shales  of  Codo,  of  the  Barra  do  Corda  and  of 
Manoel  Alves  in  the  Tocantins  lowlands  are  to  be  correlated 
and  represent  the  same  Permian  horizon  throughout  northern 
Brazil.  If  these  assumptions  prove  to  be  correct,  the  bitami- 
nons  shale  iB  a  base  of  reference  in  north  Brazil  as  important 
as  the  Irat;  shale  id  the  south. 

If  the  information  given  me  can  be  depended  upon,  the 
shales  crop  out  also  in  the  interior  of  Pianhy  on  the  danks  of 
the  plateaus  that  drain  toward  the  Pamahvba  between  the 
manieipalitiee  of  Floriano  and  Therezina.  These  statements 
can  only  be  verified  by  later  studies. 

When  I  went  up  the  Itapicurd,  I  observed  from  the  steamer, 
at  Manso  da  Marianna,  a  bi^  escarpment  on  the  right  bank  of 
the  river  where  I  thought  I  could  recognize  an  unconformity. 
The  banks  of  the  river  are  of  sandy  and  clayey  rocks,  always 
red  and  aahen  gray  but  free  from  allnvial  sand.  These  sedi- 
ments are  horizontal,  but  in  the  river  bank  at  Manso  the  lower 
bed  seems  to  show  an  erosion  surface  at  the  contact  with  the 
upper  one.  A  detailed  examination  would  perhaps  permit  the 
re)»)gnition  there  of  the  contact  of  the  Cretaceous  or  Tertiary 
beds  of  the  coast  with  the  pre-Cretaceous  or  Permian  of  the 
interior. 

Independent  of  these  observations  od  the  banks  of  the  Itapi- 
cnr^  at  Manso,  we  know  that,  in  accordance  with  facts  stated 
above,  and  the  occurrence  of  fossil  dicotyledons  with  Paaronius 
in  the  Pamahyba  valley,  the  Cretaceous  rests  directly  on  the 
Permian  in  the  eastern  part  of  Maranhao.  The  occurrence 
in  the  region  described  of  bitominous  shales  at  the  base  of 
the  Cretaceous  of  northern  Brazil  (Araripe)  renders  possible  the 
theory  of  two  bituminous  formations,  one  belonging  to  the 
lower  Cretaceous,  the  other  to  the  Permian.  This  plausible 
hypothesis  introduces  further  doubt  in  regard  to  any  method 
other  than  paleontologic  for  the  determination  of  the  ages  of 
these  sediments. 

Gkoqbaphical  Limits  of  the  Peruian  ano  Tbiassic. 

From  the  notes  of  my  assistant,  Mr.  Baumann,  we  have  seen 
that  we  can  safely  extend  the  limits  of  the  Permian  from  the 
south  of  Maranhao  to  Porto  Nacional  in  Goyae.  In  the  upper 
Pamahyba  these  sediments  occur  at  the  headwaters  of  the 
Balsas. 

Through  the  geological  studies  of  Dr.  Roderic  Crandall  we 
can  now  identify  with  the  series  of  the  Pamahyba  the  greater 
part  of  the  sediments  of  Pianhy  between  Floriano  and  Picos, 
*  J.  C.  Bmunar,  Qeologia  Elemeotar,  p.  246. 
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Dr.  G.  A.  Waring  and  Dr.  Manoel  Arrojado  Lisboa  in  their 
trip  in  the  northwest  across  the  Serra  Grande,  descending  into 
the  Foty  valley  noticed  a  distorbance  of  the  sedimentB  and  the 
OGCDirence  of  diabasic  rocks.  For  this  reaeoa  they  supposed, 
even  before  thev  knew  of  this  work,  that  the  sediments  of  the 
channel  of  the  Potjr  river  were  pre-Cretaceons. 

Thus  a  great  part  of  the  sediments  of  the  state  of  Piauhj 
certainly  belong;  to  the  Pamahyba  series,  while  the  Cretaceous 
area,  which  has  hitherto  been  considered  as  embracing  almost 
the  whole  state,  is  greatly  restricted. 

Very  likely  the  sediments  of  this  series,  which  we  know  con- 
tinues to  the  lowlands  of  the  Tocantins,  extends  to  the  month  of 
the  Araguaya,  and  probably  embraces  the  slopes  of  the  chapa- 
das  where  the  Gnmpy  and  Guama  rivers  rise. 

In  his  trip  to  the  Tocantins  the  author  frequently  fonnd, 
above  Alcomica,  beds  of  flints  in  red  sandstones  which  permit 
the  presumption  that  sediments  of  the  Mearim  series  occur  in 
the  plateaus  of  the  region. 

CoHchmon, — It  is  too  early  to  correlate  the  sediments  of  the 
Maranhao  svstem  with  those  of  Santa  Catbarina. 

The  lithologic  similarity  of  the  sedimente  of  the  different 
series  of  the  north  and  of  the  south  of  Brazil  is  very  notable, 
especially  that  of  the  beds  of  Fastos-Bone,  of  the  top  of  the 
Pamahyba  series  with  those  of  Estrada  Nova,  and  of  the  series 
of  Mearim  with  that  of  S.  Bento. 

The  author  recognizes  that  they  occur  with  the  same  aspect 
in  the  base  of  the  plateaus  of  Matto  Grosso,  in  the  AqaidaDana 
and  Miranda  vaiieys,  in  the  basin  of  the  Paraguay,  while  the 
existence  in  the  north  of  the  bituminons  shales  almost  certainly 
in  the  upper  part  of  the  Permian  under  conditions  that  recall 
the  hitominoue  shales  of  Iraty  in  the  south  is  worthy  of  note. 

It  is  clear  that  the  zone  or  area  of  upper  Paleozoic  sediments 
in  northern  and  central  Brazil  is  mucu  greater  than  has  been 
heretofore  supposed. 

The  study  of  tlie  recognized  Permian  in  Brazil  and  of  its 
abundant  fossils  of  different  types  of  Ptaroniua,  is  of  great 
interest  and  offers  a  great  field  for  observations. 

It  would  be  of  still  greater  interest  if  the  lower  Permian 
series  corresponding  to  the  Tnbarao  series  in  Santa  Oatharina 
conld  be  recognized. 

In  the  channel  of  the  Pamahyba  below  Nova-York  the  rec- 
ognized Permian  sediments  occur  at  the  horizon  of  Psar&niua 
or  in  a  higher  horizon.  Also  the  slopes  of  the  Maranhao  pla- 
teau which  drain  toward  the  lowlands  of  the  Tocantins  consist 
of  the  same  sediment  containing  these  fossil  plants. 

In  the  lowlands  of  the  Tocantins,  between  Carolina  and 
Porte  Nacional,  the  Permian  rock  encountered  is  also  the  sand- 
stone from  the  same  horizon  as  Faaroniut. 
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This  seems  to  indicate  that  these  sedimenta  of  the  upper 
Permian  outcrop  in  the  states  of  Marauhao,  Pianhy,  and  Goyaz 
sufficiently  thick  and  safficientlj'  flat  to  permit  the  excavations 
of  the  river  valleys  in  them. 

It  is  important  to  recognize  that  the  upper  Permian  sedi- 
ments with  Paaronius  in  the  north  of  Brazil  are  approximately 
horizontal  from  their  limits,  nndonbtedly  recognized  from  the 
parallel  of  Campo  Maior  north  of  Therezina  to  the  channel  of 
the  upper  Tocantins  in  the  center  of  the  Brazilian  platean. 

In  southern  Brazil  the  coal  measures  are  about  150  feet 
below  the  Iraty  shale,  which  is  the  lower  limit  of  the  sediments 
with  Psaronius,  bnt  for  the  time  being  we  can  foretell  nothing 
as  to  the  conditions  and  occurrence  of  the  lower  Permian  in 
the  north  of  Brazil. 

North  of  Campo  Maior  some  wells  were  dug  in  the  Permian 
beds,  and  in  one  of  these  a  bed  of  pyritous  lignite  was  found 
which  I  myself  have  not  had  an  opportunity  to  examine.  This 
indicates  the  probable  presence  of  older  sediments  than  those 
of  the  upper  Permian  with  Paaronivs. 

In  Goyaz,  in  the  bed  of  the  Tocantins  between  Porto  Nacional 
and  Carolina,  the  Arebean  terrane  with  lower  Paleozoic  emp- 
tive  outcrops.  There  it  may  be  possible  to  recognize  the  basal 
sediments  of  the  Permian  in  northern  Brazil. 

It  is  now  clear  that  the  continent  of  G-ondowana  embraced  a 
large  part  of  both  northern  and  southern  Brazil,  nearly  from 
the  Atlantic  directly  below  the  mouth  of  the  Amazon,  to  the 
boundary  with  Umguay  and  even  beyond  it. 

In  1909  1  had  occasion  to  call  the  attention  of  the  Geolog- 
ical Service  of  Brazil  to  the  occurrence  of  certain  fossil  plants 
found  by  the  Brazilian  engineer  Nascimento  Moura  in  a  well 
dug  near  Aracy,  in  the  semi-arid  part  of  the  state  of  Bahia. 
In  April,  1912,  I  sent  specimens  of  these  plants  to  Professor 
K.  Zeiller  of  Paris,  who  recognized  the  genus  AlethopterU,  an 
upper  Carboniferous  or  Permian  form.  Later,  David  White 
made  a  stndy  of  specimens  of  these  plants  collected  at  the  same 
place  by  Dr.  J.  C,  Branner  in  1911  and  fully  confirmed  the 
determinHtion  of  Zeiller.  He  named  the  species  Aletkopteris 
branneri*  It  is  thus  clear  that  the  Permian  covers  not  only 
parte  of  Goyaz,  but  of  Bahia  between  the  Eio  S.  Francisco  and 
the  coast. 

Recalling  trips  made  in  the  upper  Eio  S.  Francisco  regions 
in  Minas,  in  the  Bio  Paracatu  basm,  and  in  the  basins  of  upper 
tributaries  of  the  S.  Francisco,  I  think  it  probable  that  certain 
sedimentary  beds  of  that  region  may  hereafter  also  be  found 
to  be  of  Penman  age. 

Bio  de  Janeiio,  Brasil. 
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Abt.XXXVII. — A  Finger  Lake  Bed  in  Ashland  and  Wayne 
Counties,  Ohio,  with  Tilted  Shore  Lines;*  by  Geobqb  D. 

HUBBABD. 

descriptive. 

In  1907  I  passed  through  the  region  under  consideration 
and  examined  the  evidence  pointing  to  an  abandoned  lake 
plain  and  accompanying  features.  A  description  of  this  one 
with  three  others,  all  called  Finger  Lakes,  was  pnbliGhed  in 
ld08,t  but  at  that  time  no  levels  other  than  roagn  barometer 
determinations  were  made  and  the  warping  of  enorelinee  was 
not  then  discovered.  During  the  past  two  summers,  further 
and  more  exact  work  lias  Men  possible,  hence  the  present 
writing  to  set  forth  the  results. 

Previous  Work  by  Other«.—\a  1878  M.  C.  ReadJ  refers  to 
this  same  lake  plain  and  its  swampy  condition,  and  recognizee 
it  as  connected  with  the  moraine  and  drift  deposits  interfering 
with  former  drainage.  He  also  speaks  of  the  "sand  and 
gravel  ridgee  lying  along  the  preglacial  valley  sides  "  but  does 
not  even  suggest  tnat  these  ridges  may  be  beaches.  Of  conrse 
with  no  precise  levels  and  bench  marks  to  start  from,  he  did 
not  level  up  the  beaches  and  discern  their  loss  of  horizontality. 

Claypole  must  have  come  very  close  to  this  lake  plain,  for  in 
his  "  Lake  Age  in  Ohio  "§  he  describes  Lake  Ohio  approach- 
ing within  4-5  miles  of  the  southern  end  of  this  bed,  and  a 
mai^nal  or  foot  lake  lying  entirely  northward  and  extending 
within  perhaps  one  mile  of  the  other  extremity  of  it.  He  does 
not  intimate  that  a  lake  lay  where  the  accompanying  map 
depicts  this  one:  nor  can  the  present  author  find  either  of 
Claypole's  lake  beds. 

Leverett,  in  his  voluminous  and  detailed  report  on  the  glacial 
features  of  the  Erie  and  Ohio  BasinB,^  points  out  the  gravels 
and  sands  at  the  upper  end  of  the  lake  and  calls  them  ontwash 
terraces  built  in  front  of  the  Wabash  moraine.  Bnt  he  makes 
no  reference  to  a  lake  plain,  as  such,  sonth  of  the  terraces.  A 
recent  publication  by  A.  Dachnowski^  mentions  a  peaty  deposit 
about  one  mile  N.£.  of  Big  Prairie  in  the  abandoned  plain  of 
a  Finger  Lake. 

Name  and  Location.—'Yhfi  name  Craigton  Lake,  from  the 
most  important  crossroads  on  the  plain,  is  now  given  to  the 

•PreBented  in  obBtract  to  the  Ohio  Academy  of  Science,  Nov.  89,  1918, 
and  pnbliBhcd  with  permisBioD  of  the  State  Oeologist. 

f  This  JoaroBl  (4),  vol,  xiv,  pp.  239-243,  1908. 

iOeol.  Snrv.  Ohio.  vol.  iii.  pp.  519-523,  528. 

SE.  W.  Clajpole,  Trans,  Oeol,  Soc.  Edinb.,  vol.  v,  pp.  421-458,  1887. 

1  Frank  Leverett,  U.  S.  Gleol.  Sarvey,  Monograph  lli,  pp.  565  et  B«q. 

^Qeol.  Sarv.  of  Ohio,  4th  aer.,  Bnll.  16,  p.  184.  Peat  Deposits  of  Ohio, 
1912. 
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body  of  water  which  fornierly  occupied  the  lake  plain  and 
constructed  the  beach  features.  The  water  lay  in  very  mature, 
pre-glacial,  rock,  valleys  oonvermni;  southward  and  uniting  at 
Funk.  The  lake  had  two  northern  arms ;  the  western  lying 
northwestward  toward  Ashland  ;  tlie  eastern  nearly  northward 
toward  West  Salem,  a  town  some  three  miles  beyond  the 
limits  of  the  man  (fig.  1).  These  arms  united  where  the  pre- 
glacial  valleys  joined.  The  southern  extension  of  the  lake 
was  the  broftdegt  portion.  This  and  the  eastern  arm  constituted 
together  a  lake  having  a  length  of  18-19  miles,  and  a  width 
varying  from  three-quarters  of  a  mile  to  more  than  two  miles. 
Several  large  rock  islands  and  some  moraine  hills  rose  above 
the  water  m  the  southern  half.  This  southern  extremity  lay 
among  the  morainic  hills  and  against  the  rock  walls  of  the 
great,  matnre,  pre-elacial  valley  m  the  vicinity  of  Custaloga, 
at  the  junction  of  the  Lorain,  Ashland  and  Southern  railroad 
with  the  Pennsylvania  line. 

Deltas  and  BeacAee. — That  euch  a  lake  really  existed  is 
abundantly  attested  by  the  constructional  work  it  left  behind. 
The  shoreline  can  be  traced  nearly  continuunsly  along  the 
eastern  side  of  the  valley  from  Custaloga  northward  past 
Blachleyville  and  Reedsburg,  to  Pleasant  Home.  The  western 
shoreline  can  be  traced  northward  past  Craigton  to  Funk ;  and 
here  it  bears  off  northwestward,  following  the  western  arm  to 
points  a  mile  or  so  east  of  Ashland  and  even  farther. 

The  beaches  are  usuallv  sandy,  occaflionally  pebbly ;  stratifi- 
cation is  rarely  discernible  but  may  once  have  been  more  gen- 
erally present.  In  general  not  onlv  structure  and  material  out 
even  form  are  present  to  establish  the  identity.  A  little  ter- 
race is  the  customary  manifestation  (rarely  a  cliff  above  it) : 
and  below  the  terrace  top  a  slope,  becoming  gentler  downward, 
descends  to  the  plain  level.  On  this  slope  the  sands  of  the 
beach  grade  into  finer  and  iiner  material  until  the  claye  and 
imperfect  drainage  conditions  are  reached.  In  some  places 
where  either  the  conditions  for  construction  were  unfavorable, 
or  those  for  removal  were  good,  no  beach  could  be  found.  A 
number  of  little  cliffs,  now  much  weathered,  occur  on  the 
drift  hillsides  near  the  southern  end. 

Lake  clays  are  exposed  in  the  bottom  of  the  plain  in  a  num- 
ber of  places,  fine  and  very  pure  in  the  central  part,  more 
sandy  toward  the  north  end,  and  more  heterogeneous  toward 
the  southern  end.  Much  beside  clays  lies  in  the  valleys  below 
the  lake  plain.  The  upper  parts  of  the  valley  walls  now 
exposed  nse  about  I  foot  in  20  or  between  2°  and  3°.  If  the 
walls  continue  below  the  present  lake  plain  level  at  the  same 
angle  until  they  meet,  the  rock  valleys  are  filled  50-100  feet 
deep  in  the  narrower  northern  part  and  200  feet  in  the  broader 
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part  near  Funk  and  southward.  Welle  are  Blmllow  all  tliroueh 
tlie  lake  plain.  Only  one  was  found  that  reached  rock  and  in 
this  the  depth  to  i-ock  could  not  be  ascertained.  Material 
passed  throuj^h  was  peaty  at  the  top,  clays  and  sands  below, 
with  hard-pan  (drift)  and  gravel  on  the  rocli.  This  material  is 
said  to  be  very  thick. 

Rather  weil-marked  and  extensive  deltas  occur  at  the  upper 
ends  of  the  lake  bed  wherever  streams  flowed  into  the  lalce. 
Tliese  are  now  much  dissected  by  their  builders  because  the 
lake  has  disappeared  and  given  them  a  lower  local  base-level. 
These  are  discussed  more  fully  in  the  next  two  sections. 

Upper  Aahlmid  Arm  Probably  Separated  hy  Morwine. — 
Considerable  areas  of  delta  sands  occur  east  and  northeast  of 
Ashland  where  Town  Run  and  Long  Creek  entered  the  lake. 
A  number  of  momne  hummocks  3-4  miles  northeast  of  Ash- 
land and  beyond  the  delta  deposits  have  been  worked  over  by 
water,  with  the  sorting  out  and  removal  to  lower  levels,  of  the 
clays.  These  hummocks,  now  capped  with  sands  and  gravel 
too  coarse  to  have  been  washed  on,  still  rise  generally  above 
1000  feet,  and  occasionally  above  1020  feet.  Orange  Creek 
also  built  a  small  delta  into  this  northwestern  extremity  of  the 
lake  just  west  of  the  present  site  of  Nankin.  Its  surface  is 
about  1010  feet  high.  Aatotawa  Creek  also  built  a  small  delta 
into  the  lake  twotu  three  miles  north  of  England,  bringing  its 
materials  from  the  thick  drift  deposits  of  the  Wabash  moraine. 
These  deltaic  deposits  and  forms  in  the  Ashland  arm  of  the 
lake  are  20  to  30  feet  lower  than  those  on  the  West  Salem 
arm,  and  this  fact,  togetlier  with  the  presence  of  tlie  big 
moraine  loops  across  the  valley  at  Jeromeville  and  England, 
strongly  saggeete  that  the  waters  from  the  former  town  north- 
westward were  separate,  through  most  of  the  lake  history, 
from  those  in  the  main  body.  A  yonthfnl  valley  50-60  feet 
deep  through  the  morainic  loop  at  Jeromeville  now  connects 
the  upper  portion  with  the  lower  or  main  basin.    Tlie  npper 

fiortion  was  shallower  and  more  cut  up  by  moraines  and  irregu- 
tirities  of  shoreline,  hence  its  shore  features  are  less  distinct 
and  poorly  developed.  Possibly  its  overflow  was  at  one  time 
northwestward  to  the  Vermillion  River,  but  this  seems  doubt- 
ful and  certainly  indeterminate  at  present. 

Tlie  Eastern  Ai'm.~ln  the  eastern  or  West  Salem  arm 
extensive  deltas  were  built  by  streams  flowing  directly  from 
the  edge  of  the  ice  and  heavily  laden  with  waste.  They  are  of 
typicafdelta  structure  with  foreset  and  topset  beds  now  visible 
in  exposures  made  by  excavations  for  commercial  gravel.  Here, 
as  in  the  Ashland  arm,  the  deltas  seem  to  have  been  built  out 
into  the  water  over  moraine  topography  and  among  moraine 
islands,  for  beneath  the  stratitiea  deltaic  material  the  unstrati- 
fled  drift  was  seen  in  several  places. 
Am.  Jour.  Sci.— Focbth  Srbirs,  Vol.  XXXVII,  No.  221.— Mat,  1914. 
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The  Main  Lake  Bed,  Depth  of  Water  and  OuiUt.—ki 
many  points  streams  in  posMacnstrine  time  have  cut  clianiiele 
tlimugb  delta  and  beacu  deposits  and  have  bnilt  pretty  alln- 
vial  fans  in  their  valley  moutliB  and  ont  over  adjacent  parts  of 
the  lake  plain. 

Hnndreds  of  springs  isfiiie  from  the  rock  hillsides  and  send 
their  clear  wholesome  waters  down  the  slopes  to  the  lake  plain. 
These  springs  not  only  determine  the  locations  of  many  farm 
houses  and  roadside  watering  troughs,  but  keep  considerable 
tracts  of  the  plain  in  a  marshy,  miry,  condition  wholly  untit 
for  agriculture.  A  dredge  ditch  ha»  been  dng  through  niueli 
of  the  length  of  the  lake  plain.  Another  close  to  each  side,  to 
catch  and  conduct  away  this  spring  water  when  it  first  gets 
down  to  the  level  of  the  plain,  is  still  necessary  to  reclaim  fully 
the  rich  lake  plain. 

In  the  author's  previous  paper*  referred  to  above,  it  was 
stated,  through  some  typographical  error,  that  the  "  level  of  the 
beaches  near  Funk  and  Blachleyville  was  765  ft."  instead  of 
965  as  determined  by  the  barometer  from  the  U,  S.  G.  8. 
levels.  The  lake  in  this  vicinity  could  not  have  I>een  le^  than 
50  feet  deep,  butwas  shallower  in  Imth  arms  and  probably  also 
toward  the  southern  end. 

The  outlet  was  by  Lake  Fork  of  Mohican  River  at  the 
junction  of  the  nortliem  arms  of  the  lake  through  a  valley, 
still  narrow  and  steep-sided,  and  probably  opened  up  in  some 
interglacial  Btage,t  over  the  divide  between  Fnnk  on  the  shore- 
line and  LakeviUe  station  on  the  Pennsylvania  railroad. 

At  present  the  lake  plain  is  drained,  though  as  yet  some- 
what imperfectly,  by  three  streams,  Jerome  Fork  in  the  Ash- 
land arm,  Muddy  Fork  in  the-  West  Salem  arm,  and  a  small 
dredged  stream  in  the  southern  lx>dy ;  three  streams  which 
unite  near  Funk  to  form  Lake  Fork,  both  the  ancient  and  the 
present  outlet. 

Attitude  of  Shore  Lines  at  Present. — Examination  of  the 
shorelines  led  to  the  belief  that  tliey  were  not  as  constructed. 
To  make  certain  just  what  the  condition  is,  a  Y-level  was  used 
working  out  from  precise  levels  and  bench-marks  of  the  U.  S. 
Geological  8urvey.  By  this  means  it  was  found  that  the  beach 
lines  are  far  from  horizontal  to-day.  The  accompanying  sec- 
tion (fig,  2)  exhibits  the  results  graphically.  Along  the  eastern 
arm  and  main  body  from  Pleasant  Home  to  Custaloga  the 
altitude  was  determined  at  several  points.  The  delta  surfaces 
at  Pleasant  Home  and  Uedhaw  were  found  to  be  over  1040 
feet ;  and  the  shorelines  seem  to  grade  down  from  these  sur- 
faces to  1020  at  Rowsburg;  1015  about  1^  miles  north  of  the 
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latitnde  of  Reedsbnrg ;  998-1000  feet  on  tlie  road  crossing  the 
v&Dey  about  half  way  between  ileedsbur?  and  Blachteyville ; 
973  at  the  Craigton  road  and  960  where  the  Lorain,  Ashland, 
and  Sonthem  railroad  crosses  the  wagon  road  one-eighth  mile 
north  of  Custaloga.  Little  wave-cut  cliffs  in  the  hills  of  tliis 
southern  bonndarj  together  with  beach  phenomena  make  the 
determination  here  rather  certain.  No  wave  work  could  be 
located  in  the  vicinity  above  the  960  foot  level  but  tliere  was 
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A,    PleaMnt   Home.     B,  \%  miles  N.W.  of  Reedsblirg.     C.  Near  Beoch 
Mark,    i%  miles  N.   o[  Btachle;vilte.      D,  Near  Craigton.      E,  Near  Ctw- 


plenty  below.  Tbis  point  is  as  certain  as  that  tliere  was  wave 
work  and  delta  bailaing  recorded  at  levels  above  1040  at  the 
nortbend.  Allowing  five  or  six  feet  for  fan  deposits  or  outwasb 
on  top  of  the  delta  at  the  north  end,  we  still  have  an  altitude  of 
1035  here  or  75  feet  above  the  shore  features  at  the  sontbern 
end.  This  means  a  tilting  upward  relatively  at  the  north  with 
reference  to  the  sonthern  end  of  75  feet  in  between  18  and  19 
miles,  or  4  feet  to  the  mile.    See  section. 

Interpretationg  and  C&rretationt. 

The  post-glacial  tilting  of  the  shorelines  of  the  precursors  of 
our  Great  I^kea  has  long  been  recognized.  Very  little  evi- 
dence has  been  found  of  tilting  soatn  of  the  borders  of  our 
present  lakes.  The  long  eastand-west  abandoned  beaches 
across  Ohio  show  almost  no  tilting,  but  lines  running  more 
nearly  north  and  south  are  appreciably  displaced.  The  evi- 
dence presented  above  carries  actual  tilting  50  miles  sonth  of 
the  most  southern  part  of  Lake  Erie,  itself  the  most  soDthem 
lake.  Furthermore  the  rate  of  tilting  is  greater  in  this  case 
than  that  observed  on  many  of  the  abandoned  beaches  farther 
north. 

Ooldtbwait,*  wiio  has  worked  extensively  on  abandoned 
beaches  to  establish  the  amount  and  kind  of  warping  that  ntaj 

•J.  W.  Ooldthwait,  Geol.  Soo.  Am.,  BulL  vol.  ixi.  pp.  327-348, 1910. 
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have  taken  place,  sliows  that  the  Alf^onqain  beach  is  nut  tilted 
south  of  a  line  through  the  middle  of  Lake  MichieaD  and 
Niagara  Falls.  In  the  same  paper  he  shows  that  the  older 
Iroquois  beaches  are  tilted  more  than  the  Algonquin  in  the 
same  latitudes  aud  that  the  tilting  extends  further  southward 
for  the  Iroquois  beach.  He  shows  that  the  tilting  is  greatest 
farther  nortn  and  decreases  southward,  but  he  is  unable  to 
locate  any  southern  limit  for  the  tilting. 

That  the  existence  of  Craigton  Lake  began  earlier  than  that 
of  any  of  those  preceding,  even  Lake  Erie,  is  easy  to  believe 
because  of  its  location  with  reference  to  tlie  retreating  ice. 
It  was  not  an  ice-front  lake  but  several  miles  sontli  of  the 
divide  and  twenty-five  miles  from  the  Maumee  beach.  Its 
site  would  be  uncovered  even  before  that  of  Lake  Maumee. 
That  tilting  in  the  Lake  region  began  early  is  also  shown  by 
the  fact  that  Craigton  Lake  shorefines  are  tilted  more  than 
beaches  such  ae  those  of  the  Algonquin  and  Iroquois  water 
planes.  The  warping  in  Craigton  Lake  lines  amounts  to  -4 
feet  in  a  mile  and  is  quite  uniform  for  the  eighteen  miles  of 
length.  It  may  be  a  little  steeper  in  the  last  two  or  three 
miles  at  the  north  end  but  probably  is  not.  The  ap[>arcnt 
increase  in  rate  is  more  likely  due  to  aggradation  with  glacial 
oiitwafih  or  to  the  building  of  a  fan  on  the  Pleasant  Home  delta. 

Craigton  not  only  began,  but  probably  completed  its  history 
as  a  lake  before  the  tilting  occurred ;  a  considerable  part  of  its 
tilting  must  have  occurred  before  the  Iroquois  beaches  were 
tilted  and  all  of  it  before  the  Algonquin  was  tilted,  because  in 
the  lirst  place  its  tilting  is  greater  than  that  of  Iroquois  ;  nnd 
in  the  second,  Algonquin  tilting  did  not  proceed  so  far  south. 
Had  the  water  remained  in  Craigton  during  the  tilting,  it 
must  have  spilled  over  southward.  There  can  be  fonnd  no 
evidence  of  static  water  work  on  the  hills  above  the  recorded 
beach  levels  at  the  southern  end.  If  water  stood  higher  here, 
then  many  tracts,  low  between  moraine  hills  but  higher  than 
960  feet,  should  have  been  under  water  and  should  attest  that 
fact  by  sorted  drift,  lake  clays,  and  possibly  by  black  earth 
deposits  of  palustrial  origin.    Nothing  of  the  sort  can  be  found. 

Because  the  outlet  was  in  the  middle  portion  of  the  lake  the 
southern  part  would  not  be  drained  by  the  tilting.  Drainage 
possibly  fairly  well  established  would  be  interfered  with; 
swampy  conditions  would  develop  and  will  persist  until  more 
perfect  drainage  is  attained.  Black,  peaty  earth,  very  abundant 
m  southern  part,  confirms  the  belief  that  this  end  of  the  lake 
was  long  swampy.  In  fact  artificial  ditching  has  but  recently 
put  it  mto  agricnltural  condition.  Hundreds  of  acres  of 
onions  are  now  grown  on  the  black  flats  that  are  sufficiently 
drained.  Water  does  not  stand  anywhere  on  the  plain  but 
swampy  conditions  are  not  entirely  removed. 

Oberlin  College,  Oberlin,  Obio.  •     _^ 
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Aht.  XXiVIII. — Remnants  of  an  Old  Graded  Upland  on 
the  Preaidential  Banye  of  the  White  Mountains  ;  hy  Jamrs 
Walter  Goldthwait. 

TiiK  Presidentiiil  Range  lies  sixty-five  miles  inland  from  the 
sea,  in  north-central  New  Hampshire.  It  extends  in  a  north- 
eaRt -south west  direction  for  a  distance  of  eighteen  inilee,  with 
a  width  of  about  three  miles.  On  it  are  eight  principal  sum- 
mits or  "peaks,"  of  which  Mount  Washington  is  considerably 
the  highest,  with  an  attitude  of  6290  feet.  From  this  range 
streams  flow  off  in  all  directions,  reaching  the  sea  through  four  of 
the  largest  rivers  of  New  England, — the  Connecticut,  Merri- 
Hiac,  Saco,  and  Androscoggin.  In  respect  to  drainage  lines, 
tlierefore,  this  district  is  extremely  remote. 

In  form,  the  mountains  of  the  Presidential  Range  present 
two  contrasted  sets  of  slopes :  subdued,  well-graded  slopes 
above,  and  bold,  precipitous  slopes  below.  The  former  appear 
to  be  due  to  long  continned  aub-aerial  wasting  of  an  early 
cycle;  the  latter,  to  deep  and  extensive  stream  dissection  dur- 
ing a  later  cycle,  accentuated  by  local  glaciation  of  the  ravine 
heads.  Subordinate  to  these  features,  bnt  modifying  them  iu 
detail  are  index  forms  of  regional  glaciation,  of  a  later  date 
than  the  stream  erosion  and  local  glaciation. 

On  all  sides  of  the  range  lower  ranges  and  summits  exhibit 
a  surface  so  irregular,  from  whatever  altitude  it  is  viewed,  that 
one  fails  to  see  in  the  landscape  any  satbfactory  trace  of  an 
uplifted  peneplain  snch  as  Davis  has  described  in  southern 
J<ew  England.  The  exposure  everywhere  of  coutorted  meta- 
morphic  rocks  and  plntonics  bears  abundant  evidence,  bow- 
ever,  that  the  interior  of  New  England,  like  the  better  known 
outer  portion,  has  been  stripped  of  thousands  of  feet  of  its 
original  rock  structnre.  The  lofty  mountains  of  the  Paleozoic 
and  Mesozoic  landscape  have  been  worn  down  to  an  irregular 
upland  of  moderate  relief.  No  organized  effort  has  yet  oeen 
made  to  correlate  the  physiographic  features  of  the  White 
Mountains  with  those  of  southern  New  England.     The  pene- 

Slain  which  extends  over  Connecticut,  Rhode  Island,  and 
lassachusetts  has  never  been  followed  far  into  New  Hamp- 
shire. This  neglect  by  the  physiographer  seems  strange,  in 
view  of  the  fact  that  the  White  Mountains  have  become 
widely  known  as  a  vacation  resort  for  the  tramper,  camper, 
and  mountaineer. 

Professor   Davis,   in    liis   description    of   the   peneplain    of 
southern  New  England,*  says  that  on  "  passing  northward  into 
■W.  H.   Davis;    The   Physical  Oeography   of   Sontbern   New   England. 
National  Oeograpfaic  Uonographs,  No.  S.  p.  3e9-;i04.  1895. 
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Fto.  1.  Ontline  map  of  the  New  England  States,  BhowinK  in  black  the 
position  of  th«  Presidential  Range  in  New  Hampshire  and  HOQUt  Ktaadu 
in  Maine,  and  tbe  larf(e  rivers  which  rise  near  them.  These  riTers  are : 
C  Cunnecticnt,  H  Herrimac.  S  Saco,  A  Androscoggin,  E  Kennebec,  P  Fenob- 
BCOtt.  Ar  Aroo<4took,  and  St  J  St.  John. 
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Vermont.  New  Haniphire  and  Maine  monadnocks  are  com- 
mon. Tlie  White  Mountains  seem  to  be  only  a  cinster  of 
UDConeumed  renmantB  .  .  .  but  in  epite  of  the  nearness 
of  these  northern  states  they  have  not  been  explored  with  the 
upland  peneplain  and  the  monadnocks  in  mind.  No  definite 
statement  can  at  present  be  given  to  the  altitude  of  the 
upland  in  northern  New  England  or  as  to  the  degree  of  per- 
fection that  it  attained."*  Again  in  1899,  Professor  Davis 
writes:  "The  White  Mountains  have  been  in  my  mind  tenta- 
tively classed  as  a  group  of  monadnocks ;  they  do  not,  as  far 
as  I  have  seen  them  in  brief  excni'sionB,  stand  upon  any  dis- 
tinct basement  comparable  to  that  of  the  uplands  of  New 
England  farther  south.  .  .  .  The  ruggedness  of  the  dis- 
trict is  generally  so  great  that  it  is  quite  possible  that  the 
peneplain  explanation  does  not  apply  to  the  greater  part  of  the 
area.  Little  wonder  that  an  observer  whose  attention  is  given 
to  this  mountainous  district  under  the  impression  that  its 
mountain  tops  represent  ike  remnants  of  a  peneplain  should 
come  to  discredit  such  an  explanation,"! 

It  is  my  purpose  in  this  paper  to  point  out  the  possibility 
that  the  summit  portion  of  the  Presidential  Range,  contrary  to 
the  implication  by  Professor  Davis  in  the  foregoing  quotation, 
may  be  a  remnant  of  that  ancient  graded  landscape  which, 
according  to  his  theory  of  haselcveling,  consisted  in  the  more 
southerly  portion  of  New  England  in  a  I'ather  fully  developed 
peneplain.  In  short,  it  will  be  snggested  that  the  snbdued 
cones  of  Washington,  Jeifei-son,  Adams,  and  the  other  snm- 
mits  of  this  range  are  low  monadnocks  surmounting  a  pene- 
plain whose  only  sui'viving  fragments,  in  this  district,  are  the 
upland  ''lawns"  and  "Alpine  pastures"  that  lie  along  the 
crest  of  the  range. 

The  Upland  "Zawita." 

As  one  ascends  Mount  Washington  from  the  southeast  he  is 
impressed  by  the  extraordinary  Hat  area  which  he  reaches 
alK>ut  1000  feet  below  the  snmmit.  This  great  "lawn" 
extends  along  the  top  of  the  range  from  the  upper  end  of 
Boott's  Spur  for  over  a  mile  before  reaching  the  foot  of  tlie 
cone  of  Washington.  Its  width  is  fully  half  a  mile  and  its 
rise  so  slight  and  so  gradual  that  in  contrast  to  the  precipitous 
headwalls  of  the  ravines  below  and  the  rather  steep  sides  of 
the  cone  above  the  lawn  appeai-s  smooth  and  level.  It  is 
perhaps   the   most   striking   feature  enconntered   because  the 
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least  expected.  Tbe  earliest  printed  descriptioii  of  the  White 
Mountains,  by  Josselyii,  referring  to  the  Presidential  Kange, 
sajs  that  "  upon  the  top  of  the  highest  of  these  mountains  is  a 
large   level   or   plain  .     .     whereon    notliing  grows  bnt 

moss.  At  the  further  end  of  this  plain  is  another  hill  .  .  . 
to  outward  appearance  a  rude  heap  of  massive  stones  piled  one 
upon  another."*  Similar  descriptions  of  the  flat  upland  sur- 
face, not  only  here  at  Bigelow's  Lawn  but  at  other  points  on 
the  top  of  the  range,  are  found  in  the  writings  of  later 
explorers  and  visitoi-s,  including  particularly  Starr  King,  the 
author  of  the  classic  volume  on  "The  White  Hills."'!'  In  his 
"Geology  of  New  Hampshire,"  Professor  C.  H.  HitchcockJ 
repeatedly  draws  attention  to  the  importance  of  this  smooth 
highland.  "On  descending  from  the  top  of  Mount  Washing- 
ton to  the  Lake  of  the  Clouds,"  he  says,  "  the  explorer  will 
find  a  very  flat  region,  running  easterly  into  Boott's  Spur  and 
northerly  along  the  east  side  of  Washington.  .  .  .  The 
abyss  in  front  is  Tuckernian's  Ravine,  with  tributary  scallop- 
ings  oil  the  northwest  sides.  The  erosion  has  been  vertical, 
just  as  in  a  gorge  worn  out  of  a  level  plain,  .  .  .  Oakes 
(iulf,  Huntington's  Ravine  [and  the  Great  Gulf]  are  other 
deep  gorges  excavated  out  of  this  plateau,  .  .  .  This  table 
land  is  less  than  ten  miles  in  length  and  somewhat  over  5000 
feet  in  elevation. "§  Several  illustrations,  some  of  them  copied 
from  Starr  King's  "White  Hills,"  and  others,  as  for  instance, 
the  heliograph  opposite  page  618,  whicli  are  new  productions, 
show  the  smoothly  graded  forms  of  the  cones  and  bordering 
lawns,  in  contrast  (o  the  great  re-entrant  lieadwalls  of  the 
cirques  or  "ravines." 

Altliongh  these  upland  lawns  or  pastures  are  most  conspicu- 
ous on  the  south  and  east  sides  of  Mount  Washington,  they  can 
lie  traced  all  along  the  line  of  the  Northern  Peaks.  From 
Buott's  Spur  the  broad  plateau  known  as  Bigelow's  lawn  finds 
continuation  between  the  5000  and  5500-foot  contours  around 
the  base  of  the  great  cone  in  a  wide  shelf  that  is  known  locally 

'John  Joaselyn.  New  England  varietieH discovered,  16T3. 
t  T.  S.  King ;  Tbe  White  Eilla. 

tC.  E.  Hitchcock :  Oeologj  of  New  HampBhire.    Final  report  of  tlie  State 
Geological  Surrey  of  New  Hampshire,  3  vols.,  Concord,  1874-1678. 
§Op.  cit.,  vol.  i,  pp.  909-elO. 

Fio.  2.  CoDtoiir  map  of  the  Northern  Peaks  of  the  Presidential  Range  at 
the  White  Mountains.  Copied  with  additions  and  alight  ulterations  from 
the  map  published  by  the  Appalachian  Monntain  Clnb. 

B  C,  Ravine  of  the  CastleH ;  K  R.  King's  Ravine ;  B  B,  Bnmpns  Basin ; 
M  R.  Madiaon  Ravine ;  J  R,  Jefferson  Ravine ;  G  G,  Great  Onlf ;  C  R, 
Chandler  Ridge  :  N  0,  Nelson's  Crag  ;  A  O.  Alpine  Gurdeti ;  H  R,  Hunting- 
ton's Ravine  ;  T  R.  Tnckerman's  Ravine;  B  8,  Bootl  Spur  ;  B  L,  Bigelow's 
Lawn  ;  L  C,  Lake  of  the  Clonds. 
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BB  the  "Alpine  GardeB."  The  semieircnlai-  IieadwalU  of 
Tiickerraan's  and  Huntington's  Kavines  hax-e  been  cut  far 
back  into  this  portion  of  the  lawn;  but  its  gentle  eastward 
slope  is  snfficiently  well  preserred  to  convey  the  impression  of 
a  nearly  level  upland  which  was  once  of  great  extent.  See 
map  (tigure  ^),  and  photograph  (figure  3).  Around  and 
beyond  ^'elson's  Crag,  which  rises  as  a  low  monadnock  above 
the  lawn,  th^  gilded  slope  continues,  passing  down  the  crest 

Pio.  8. 


he   ''Alpinp   Garden"   luoking   uver  tlip  hendwHll  of 
By  E.  H.  LorenE. 

of  Chandler  Ridge  for  a  mile  and  a  half  to  an  abrupt  shonldei- 
at  4(100  feet,  near  the  Halfway  Honse.  Here  the  end  of  the 
KDiir  was  trimmed  away  by  glaciation  during  the  excavation  of 
the  Great  Gulf,  the  greatest  of  the  White  Mountain  cirquec. 
The  carriage  road  takes  advantage  of  this  ancient  graded  sur- 
face to  accomplish  the  last  half  of  the  eight-mile  ascent  from 
the  Glen  to  the  snmmit  of  Mount  Waehinglon,  On  the 
north  side  of  Mount  Washington  the  head  of  the  Great  Gulf 
cirque  was  eaten  back  beyond  the  limit  of  the  lawn  and  up 
into  the  slope  of  the  cone  itself.  On  the  northeast  side  of 
Moimt    Clay,    however,    another    flat-topped     spur     appears 
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between  two  amphitheatres  of  the  Great  Gulf  glacier,  whicli 
is  preserved  down  to  the  450(i-foot  contour.  Southeast  and 
east  of  Mount  Jeffereon  is  a  longer  remnant  of  the  old 
upland  surface.  At  Monticello  Lawn  the  presence  of  a  con- 
i^iderable  patch  of  bowlderless  ground  in  the  mantle  of  glacial 
drift  prompted  someone  seTeral  years  ago  to  put  out  a  croquet 
cet,  where  visitors  might  play  the  game  at  the  very  tup  of 
the    range.       This    lawn    runs   down    the   crests  of   the   two 

Flo.  i. 


"  Knees"  of  Jefferson  as  far  as  the  ISlXI-foot  coutoiir,  beyond 
which,  as  in  the  case  of  Chandler  Ridge,  the  ends  of  the 
wpnrs  have  lieen  trimmed  off  by  the  Great  Gulf  glacier, 
leaving  two  large  triangular  facets  (see  ligiire  4).  Around 
Mount  Adams  and  its  sutisidiary  summits  the  sides  of  the 
cones  flatten  perceptibly  into  graded  lawns  like  those  already 
described.  Southeast  of  tlie  peak  of  Adams,  in  particular,  the 
graded  surface  reaches  down  to  a  broad  shelf  tliat  overlooks 
the  Great  Golf  directly  opposite  to  Chandler  Ridge.  The 
two  remnants  of  the  old  graded  slops  agree  perfectly  in 
altitude,  standing  at  4000  feet. 
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Tliroiigliout  tliG  ftrea  just  described  die  lawns  are  covered 
with  loose  rocks  and  glacial  bowlder  clay.  Although  at  first 
glance  one  wonld  probably  say  that  this  is  post-glacial  tains, 
cracked  off  from  the  exposed  ledges  by  winter  frosts  and 
pnslied  slowly  down  the  slopes,  the  disposition  of  the  fni£r 
mente,  and  particularly  the  lines  of  white  quartz  blocks  which 
may  be  seen  trailing  in  the  direction  of  motion  of  the  con- 
tinental ice-sheet,  not  straight  down  hill  but  obliquely  down  or 
even  up  hill,  from  striated  parent  ledges,  indicate  rather  that 
this  sheet  of  loose  rock  is  not  now  on  its  way  down  hill,  but 
rests  exactly  where  the  ice  sheet  dropped  it.  In  the  steei>- 
walled  ravines  there  has  of  course  been  considerable  sliding  of 
this  debris  in  post-glacial  time;  but  on  the  gentler  slopes  of 
lawns  and  cones  generally  it  seems  to  record  little  if  any  recent 
movement.  It  is  Imwlder  clay  in  the  first  stages  of  production, 
which  for  want  of  a  specific  name  we  may  call  "  block  till." 

While  the  lawns  are  thus  virtually  continuous  along  the  line 
of  the  northern  peaks  from  Boott's  Spur  to  Mount  Adams,  the 
greater  part  of  tJie  crest  of  the  range  in  this  distance  is  occupietl 
by  the  cones  themselves.  A  brief  description  of  these  may 
now  be  given. 

The  Cones. — Washington,  the  highest  of  the  cones  by  nearly 
500  feet,  is  also  the  roundest.  While  it  is  somewlmt  steeper 
on  the  southeRSt  side,  the  asymmetry  issoslight  that  the  moun- 
tain appears  in  profile  as  a  rounded  dome  from  every  side.  As 
already  mentioned,  however,  the  Great  Gulf  has  been  cut  back 
into  the  north  side  of  the  cone  fully  half  way  to  its  summit. 
This  extraordinary  foreground,  as  well  as  the  similar  cirque 
re-entrants  of  Huntington's  and  Tuckerman's  Eavines  on  the 
east  side,  lend  variety  to  the  appearance  of  the  mountain  as 
seen  at  close  range  from  difEerent  viewpoints.  The  surface  of 
the  cone  is  covered  even  to  its  top  with  block  till  like  that  of 
the  lower  slopes  and  lawns,  with  which  are  associated  peculiar 
streaks  and  patches  of  ordinary  glacial  bowlder  clay.  The 
verdure  of  these  patches,  especially  where  they  are  well  watered 
by  springs  so  as  to  support  a  luxuriant  growth  of  Alpine 
flowers,  greatly  relieves  the  cold  gray  landscape  of  the  rocks. 
Here  and  there  exposures  of  bed  rock  appear,  especially  on  the 
southeast  side  of  the  mountain,  where  low  cliffs  may  be  seen  ; 
but  these  have  in  most  places  been  so  much  cracked  and 
loosened  that  the  distinction  between  them  and  the  scattered 
blocks  is  not  easy  to  see.  To  some  extent  the  ledges,  particu- 
larly at  the  sunnnit,  show  the  flattish,  smoothed  crowns  charac- 
teristic of  glaciation,  but  there  are  no  distinct  etrise  or  grooves 
there.  The  presence  of  both  bowlder  clay  and  erratic  bowlders 
on  and  around  the  summit  proves,  as  Professor  Hitchcock  dis- 
covered in  1875,  that  the  cone  was  completely  covered  for  a 
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time  at  least  by  the  great  ice  sheet.  The  bowlder  clay  is  ranch 
looser  and  much  more  largely  composed  of  fragiiieiits  of  the 
local  rock  than  that  at  lower  altitudes,  sucgeeting  that  the  sum- 
mit of  this  highest  monntain  of  New  England  was  not  very 
long  nor  very  deeply  covered  by  the  ice  sheet. 

Mounts  Jefferson  and  Adams,  whose  altitudes  are  approxi- 
mately 5800  feet,  represent  a  rather  different  type  of  cone. 
Their  summits  are  not  rounded  like  the  dome  of  Washington, 
but  distinctly  angular  ;  and  their  eastern  sides  are  much  more 
precipitous  than  uieir  western  ones.  On  Mount  Jefferson  this 
asymmetry  is  very  pronounced,  as  those  have  noticed  who  have 
approached  the  monntain  from  the  nortiieast  by  way  of  the 
Gulfside  or  Randolph  Trails.  It  seems  at  first  sight  as  if  the 
lack  of  symmetry  were  due  primarily  to  the  regional  glacia- 
tion,  which  was  here  in  a  southeastward  direction.  The  detach- 
ment of  loosened  blocks  and  talus  on  tlie  lee  side  of  these  high 
cones  would  have  left  cliffs  where  ledges  do  occur,  while  tbe 
removal  of  tains  and  newly  quarried  blocks  from  ascending 
slopes  on  the  northwest  sides  would  naturally  be  slow  and  im- 
perfect. It  is  not  clear,  however,  how  the  ice  sheet,  passing 
over  these  cones  from  northwest  to  soutlieast,  could  steepen 
their  southeast  sides  so  much  and  at  the  same  time  fail  to  wear 
down  to  rounded  outlines  their  summits.  The  form  of  the 
mountains  differs  from  that  of  typical  roches  moutonnees 
chiefly  in  this  angularity  of  their  summits.  The  argument 
against  regional  glaciation  as  the  controlling  factor  in  the  form 
of  the  cones  finds  further  support  in  the  symmetry  of  the 
sharpest  and  steepest  of  the  peaks.  Mount  Madison,  which,  let  it 
be  noticed,  is  also  the  lowest,  and  hence  the  one  which  must 
have  been  most  deeply  covered  by  ice.  Inasmuch  as  this  peak 
is  900  feet  lower  tnan  the  top  of  Mount  Washington,  it  can 
hardly  have  been  buried  by  less  than  1000  feet  of  ice,  yet  its 
symmetry  is  nearly  perfect  and  its  sharpness  liighly  con- 
spicnous.  We  must  couclude,  therefore,  that  the  ice  sheet  has 
bad  little  infiuence  on  the  shape  of  these  cones.  They  may  be 
regarded  rather  as  products  of  subaerial  wasting. 

The  Cole. — In  the  cols  between  the  peaks  the  evidences  of 
severe  glaciation  are  clear.  Ledges  at  the  "  parapet "  south- 
west of  Mt.  Madison,  and  others  just  north  of  the  Gulfside 
shelter  east  of  Mt.  Jefferson,  particularly,  exhibit  beautifully 
rounded  northwest  sides  and  ragged  southeast  faces.  Among 
them  are  quartz  veins  whose  polished  surfaces  bear  distinct 
hair-likestriae  of  the  southeastward  ice  flow.  Since  these  points 
are  only  a  little  below  the  5000-foot  contour,  it  is  clear  that  the 
more  severe  scrubbing  of  the  ledges  in  them  than  of  those  on 
the  summits  of  cones  like  Madison  is  dne  not  so  much  to  a 
greater  thickness  of  ice  as  it  is  to  the  concentration   of  flow 
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where  the  ice  crowded  through  the  Baddies.  In  the  case  of  the 
AdafbB-MadisoQ  col,  at  least,  the  passage  of  the  ice  appears  to 
have  scoured  tlie  crest  of  the  range  ioto  a  characteristic 
hyperbola. 

The  Ravines. — It  has  been  stated  that  the  cones  and  lawns 
terminate  sharply  at  the  brink  of  steep  walled  ravines.  This 
feature  is  to  be  seen  in  the  photographs  (tigs.  Z  and  4)  and  the 
map  (fig.  2).  Since  an  uDderstanding  of  the  ravinee  is  neces- 
sary to  a  proper  conception  of  the  upland,  attention  may  now 
be  tnrned  to  them. 

Until  recently  the  White  Mountain  "ravines"  have  been 
generally  regarded  as  the  products  of  torrent  sculpture,  aided 
by  frost  and  landslides.*  It  is  plain,  however,  to  one  familiar 
with  the  origin  of  mountain  forms  that  these  great  bowl-shaped 
depressions  or  "mountain  colosseums,"  as  Starr  King  graphi- 
cally called  them,  are  glacial  cirques.  That  they  are  extraordi- 
nary, to  say  the  least,  was  appreciated  by  those  wlio  early  gave 
them  the  names  of  "gulfs,  "basins"  and  "ravines."  Their 
glacial  origin,  however,  seems  to  have  been  overlooked.+ 
Around  the  five  northern  peaks  there  are  no  less  than  eight  of 
tliese  cirques.  They  lie  on  all  sides  of  the  range  except  pos- 
sibly the  southwest,  and  trend  in  nearly  every  direction.  In 
size  they  range  from  the  Great  Gulf,  whose  crescentic  head- 
wall  U  1500  feet  high  and  whose  length,  measured  along  the 
axis  of  the  trough,  is  about  three  miles  to  tlie  little  bowl-shaped 
Uumpns  Basin,  with  hardly  one-third  these  dimensions.  Some 
of  the  cirques  like  King's  llavine  are  isolated ;  others,  like  Jef- 
ferson Ravine  and  the  Great  Gulf,  unite  as  tributaries  to  form 
a  single  great  trough.  In  all  the  headwalls  are  precipitous 
and  the  rims  well-denned. 

In  view  of  this  sharpness  of  form  of  the  cirques,  one  is  sur- 
prised to  find  that  local  moraines  at  the  months  are  wholly 
absent.  Even  the  debris  near  the  headwalls,  far  back  within 
the  ravines,  is  not  so  disposed  as  to  demonstrate  by  any  means 
the  recent  occupancy  of  the  cirques  by  valley  glaciers.  In  fact, 
the  presence  in  King's  Ravine  of  bowlder  clay  carried  sonth- 
eastward  by  the  ice  sheet  far  up  into  the  cirque,  and  now  lying 
undisturbed  on  its  fioor,  where  local  morainic  ridges  ought  to 
appear  had  local  glaciers  l>ecome  re-established  in  the  cirques 
at  the  close  of  the  ice  age,  seems  to  require  that  the  carving  of 
the  cirques  took  place  before  and  not  after  the  last  epocli  of 
regional  glaciation.  If  any  local  glaciers  whatever  survived 
the  ice  sheet  in  the  White  Mountain   ravines  they  mast  have 

•C.  H.  Hitchcock,  op.  cit.,  vol.  i,  p.  633, 

t  Profeaaor  D.  W.  JohiiKon  tells  me  that  for  Beverat  vaan  ha  has  cited  the 
White  HoQulain  raviiies  aa  exampleB  of  cirqnea  to  stnaents  in  bis  class,  haa- 
int!  this  opinion  upon  the  contont  naps  of  the  IJ.  S.  GeoJogioal  Snrrey. 
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been  rndimentary  in  comparison  to  the  cirques  wliicli  sheltered 
tliem,  for  the  only  heaps  of  locally  derived  rock  debris  lie 
close  to  the  foot  of  the  headwalls.  It  is,  indeed,  doubtful 
whether  such  rock  heaps  are  not  in  every  case  avalanche 
deposits  and  rock  falls  similar  to  those  descnhed  hy  Howe  in 
tlie  San  Juan  Mountains.* 

Slight  alterations  of  the  ciraiie  form  by  regional  glaciation 
may  be  seen  in  certain  details  of  slope.  Near  the  top  of  the 
headwall  of  the  Ravine  of  the  Castles,  for  instance,  the  jointed 
ledges  were  heavily  scraped  by  the  ascending  ice,  developing 


distinct  "roehes  montonn^"  which  yact!  uj>  hiU,  and  are 
closely  followed,  on  the  top  of  the  Jefferson -A  dams  col,  by 
glaciated  knobs  wliich  face  out  over  the  head  of  Jefierson 
Ravine.  Althongh  the  Ravine  of  the  Castles  and  King's 
Ravine,  which  lie  nearly  parallel  to  the  southeastward  line  of 
movement  of  the  ice  sheet,  are  symmetrical  in  cross  section,  the 
Great  Gulf,  which  lay  athwart  the  southeastward  current,  ex- 
hibits a  steep  wall  on  its  left  or  northwest  side  and  an  excep- 
tionally gradual  slope  on  its  right  or  southeast  side,  on  which 
thousands  of  blocks  lie  scattered  as  if  caught  there  in  a  pocket. 
Obviously  there  has  been  some  rounding  off  of  the  rims  of 
these  cirques,  where  they  were  most  fully  exposed  to  the 
southeastward  thrust  of  the  ice  sheet,  and  some  concealment 
of  their  bowl-shaped  floors  by  deposits  of  gi-ound  moraine. 
The  greatest  damage  to  their  form  as  cirques,  however,  appears 
to  have  come  from  rock  falls,  avalanches,  and  more  regular 
slides,  during  the  post-glacial  epoch,  especially  at  the  beginning, 
when  the  melting  away  of  the  ice  from  oversteepened  and 
loosened  cirque  walls  caused  huge  masses  to  fall  or  slip  to  the 
ground.  The  effect  of  these  avalanches  and  slides  has  been  to 
tear  away  the  rims  and  to  fill  iip  the  floors  of  the  ravines,  some- 
what obscuring  their  cirque  form.  Kame  ridges  and  irregular 
hnmmocks,  and  near  the  upper  ends  of  the  cirques  moraine- 
like heaps  of  great  blocks  complete  the  jumble  of  waste  which 
has  accumulated  below  the  cirque  walls  since  the  ice  age. 

Alternative  hypothegee  to  account  for  the  lawM. — The  con- 
trast between  the  smooth  lawns  witn  their  gentle  grades  and 
the  bold  slopes  and  cliffs  of  the  fiank  of  the  range  is  strong 
enough  to  demand  explanation.  It  has  been  pointed  out  that 
where  the  graded  upland  surface  passes  farthest  down  along 
the  crests  of  spurs,  it  seems  to  flatten  ont  near  the  4000-foot 
contour.  It  does  not  require  much  imagination  to  fancy  this 
graded  slope  blending  with  wide  lowland  surfaces  at  about  this 
altitude,  even  though  no  traces  of  such  lowland  surfaces  now 
remain.     In  short,  one  is  inclined  to  look  favorably  upon  the 
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tlieory  that  tlie  old  graded  slopes  are  the  slopes  of  residaal 
moantaiDs  which  grouped  tliemeelves  around  broad  intermont 
lowlands  along  the  frontier  of  the  New  England  peneplain. 

At  the  same  time  the  evidence  is  so  fragmentary  that  other 
possible  explanations  should  be  considered!  It  might  be  eug- 
gested,  for  instance,  that  the  flatness  of  the  crown  of  the  range 
IS  due  chieAy  to  tlie  more  rapid  reduction  of  the  slopes  abore 
the  tree  line,  where  frost  action  and  the  movement  of  rock 
waste  are  more  vigorous  than  in  the  forest.  This  hypothesis, 
however,  has  to  meet  the  fact  that  since  the  last  passage  of  the 
ice  sheet  over  the  range  there  has  l>een  almost  no  splitting 
apart  of  the  roches  montomiees,  and  surprisingly  little  move- 
ment of  the  loose  rock  ;  and  moi'eover  it  seems  very  improb- 
able that  the  tree  line  has  been  at  all  constant  in  position 
through  the  Pleistocene  period.  Again,  one  might  look  for 
sOQie  structural  control  of  the  upland  flats, — some  dominant 
system  of  joints,  or  some  very  extensive  development  ot 
schistoeity  in  planes  near  the  horizontal.  The  answer  to  this 
is  simply  that  while  the  theory  cannot  be  rejected,  the  facts 
thus  far  observed  lend  no  support  to  it.  Finally,  it  may  be 
urged  that  the  flattening  out  of  these  graded  slopes,  in  their 
descent,  near  the  4U00-foot  contour  is  not  as  real  as  it  appears 
to  be  ;  that  the  original  well-graded  slopes  of  the  range  have 
been  so  deeply  and  so  widely  scooped  away  by  local  glaciers 
and  the  resultant  spurs  have  been  so  much  worn,  especially  at 
low  altitudes,  by  glaciation  during  the  subsequent  regional 
glaciation  that  tne  effect  is  a  false  appearance  of  an  uplifted 
and  extensively  dissected  cluster  of  low  monadnocks. 

While  suspending  judgment  in  choosing  between  these  inter- 
pretations, it  is  interesting  to  note  that  the  same  gently  graded 
upland  topography  occurs  on  the  top  of  Mount  Ktaadn  in 
northern  Maine.  Tarr,  in  his  paper  on  "the  Glaciation  of 
Mount  Ktaadn  "*  thus  describes  it : 

"The  main  part  of  the  elevated  portion  of  the  mountain  is 
occupied  by  the  'tableland'  .  .  .  from  which  several  spnrs  ex- 
tend as  divides  between  stream  valleys  heading  on  the  moun- 
tain top.     In  places  this  tableland  is  remarkably  level. "f 

If  there  is  any  truth  in  the  theory  that  the  plateau-like  aspect 
of  the  lawns  is  due  to  an  over-emphasis  of  the  pre-glacial 
graded  slopes  by  the  cirque  cutting  and  general  steepening  of 
the  lower  portions  of  the  flanks  of  the  Presidential  Range,  itis 
to  be  noticed  that  this  theory  applies  equally  well  to  Mount 
Ktaadn,  whose  profound  "  basins,"  as  Tarr  showed,  are  glacial 
cirques  like  the  "ravines"  and  "gulfs"  of  Mount  Washing- 

•  R.  5.  Tsrr :  The  Glaciatian  of  Monnt  Ktandn,  Malue,  Ball.  Qeol.  Soc. 
America,  vol.  li,  pp.  493-448,  1000. 

tOp.  cit.,  p.  440. 
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toD.  It  is  perhaps  of  even  greater  eignificance,  however, 
that  Mount  Ktaadn,  like  Mount  Washington,  stands  at  the 
headwaters  of  three  great  river  systems,  the  Penobscot, 
Aroostook,  and  the  St.  Jolin, — to  which  might  fairly  be  added 
also  the  Kennebec,  since  this  river  system  which  now  heads  in 
Mooeehead  Lake,  some  distance  southwest  of  Ktaadn,  probably 
draiued  the  slopes  of  the  mountain  in  pre-glacial  times.  The 
occurrence  of  old  upland  topography  in  these  two  typically 
remote  spots  among  the  drainage  systems  of  New  England  (see 
fig.  1)  raises  the  qnestiou  whether  we  ought  not  to  expect 
remnants  of  the  New  England  upland  to  survive  at  the  ex- 
treme headwaters  of  these  great  rivers  long  after  ^1  traces  of 
that  upland  had  vanished  from  the  more  dissected  region 
occupied  by  their  larger  branches  and  trunks.  With  this  idea 
in  mind  it  will  be  interesting  to  see  if  similar  scmps  of  graded 
upland  come  to  light  in  the  Ureen  Mountains  and  other  remote 
inland   places. 


Ah.  Jour  Sci.— Fourth  Siribs.  Vol.  XXXVII,  No.  S21.— Hat,  1914. 
82 

Dcillizedoy  Google 


T.  C.  Brown — ShawaTi^fviik  Conglomerate. 


Akt.  XXXIX. — TAe  Shawangunk  Conglomerate  and  A»»h 
dated  Beds  near  High  Falls,  Ulster  County,  IfetP  Vori  ;* 
by  Thomas  C.  Bbown. 

In  several  recent  papers  the  Shawangunk  congloineraie  and 
the  overlyine  shales  and  sandstones  (Longwood  shale  of  New 
Jersey  and  Hif^h  Falls  shale  and  Binnewater  sandstone  of  New 
York)  have  been  described  as  continental,  flood  plain,  or  tor- 
rential depo6its.+  While  employed  b^  the  New  York  City 
Board  of  Water  Supply  dnriu};  tlie  preliminary  surveys  and 
early  constrnction  work  for  the  Catskill  Aqueduct  across  the 
Rondout  Valley,  the  writer  had  exceptional  opportunities  to 
study  these  bedi  in  numerous  diamond  drill  cores  and  in  the 
tire  shafts  which  penetrated  them  and  exposed  the  section 
complete  in  its  natural  unweathered  condition.  Several  of  the 
observations  made  upon  tliem  under  those  conditions  do  not 
agree  with  the  published  descriptions,  nor  do  some  of  theui 
conform  to  the  theory  of  continental  origin.  It,  therefore, 
seems  advisable  to  publish  these  observations  so  that  other 
workers  interested  in  this  problem  may  study  the  above  men- 
tioned papers  with  these  facts  before  them. 

ffistortcal  sketch. — The  Shawangunk  conglomerate  of  Ulster 
county  and  the  associated  beds  of  red  aud  green  shale  lying 
between  this  and  the  limestones  and  cement  beds  of  the  Upper 
Silurian  were  recognized  and  described  by  Mather  in  nis 
geology  of  the  First  New  York  District  (pp.  353-355).  He 
even  gives  a  detailed  section  with  measurements  of  the  beds  at 
"  High  Falls  on  the  Rondout  in  Marbletown,  Ulster  county," 
the  exact  location  where  the  studies  for  this  paper  were  com- 
menced. Mather  did  not  definitely  correlate  taese  beds  with 
their  western  equivalents.  He  closed  his  discussion  thus: 
"  The  observations  made  do  not  render  it  certain  whether  these 
red  rocks  are  equivalent  to  the  Onondaga  salt  gronp  or  the 
Medina  sandstone;  but  it  is  thought  probable,  from  some  of 
tlie  mineral  characters,  no  fossils  having  been  seen,  that  they 
belonged  to  the  epoch  of  the  Medina  sandstone,  and  that  the 
subjacent  Shawangnnk  grit  is  equivalent  to  the  gray  sandstone 
[Oswego]  instead  of  the  Oneida  conglomerate. "J 

*  The  writer  ia  greatly  mdebted  to  J.  Waldo  Smith.  Chief  Engineer  o(  the 
N«w  York  City  Board  u[  Water  Snpply,  for  permiMion  to  dm  tfae  figorta 
from  the  official  records  in  this  paper,  and  also  to  L.  Whit«,  Dirition 
Engineer,  tinder  whose  tmperviHioD  he  wne  working  while  eollMtlog  th«M 
data. 

tGrabau,  A.  W.,  Jonr.  of  Qeol.,  vol.  ivii,  pp.  245-248.  1»»;  Boll.  Geol. 
Soc.  Amer.,  vol.  xxiv,  pp.  473-496,  1613;  FrluciulM  of  Stratigraphy,  pp. 
3TT.  696,  636.  1918. 

t  Geology  of  New  York,  First  DietricI,  p.  856,  1843. 
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Darton,  while  describinf;  tht:  geology  of  Ulster  county,* 
tentatively  correlated  these  beds  with  tne  Clinton,  Medina, 
and  Oneida,  but  he  states  that :  "  The  evidence  as  to  the  precise 
eqnivalency  of  these  beds  between  the  Shawangunk  grit  and 
Salina  furmation,  iu  Qlster  connty,  is  unsatisfactory.  No 
fossils  have  been  found  and  the  physical  characters  are  not 
wholly  distinctive.  The  quartzite  and  calcareous  upper  mem- 
ber is  thought  to  represent  the  Clinton  formation,  for  the  npper 
part  of  this  horizon  is  characterized  by  somewhat  similar  beds 
in  western  New  York.  The  lower  red  beds  may  also  be 
Clinton,  but  as  they  appear  to  expand  into  a  series  of  red  sand- 
stones southward,  it  is  suggested  that  they  are  of  Medina  age." 

Careful  stratigraphic  work  on  the  overlying  limestone  beds 
disclosed  an  error  in  the  early  correlations  of  these  bedsf  and 
cast  a  doubt  npon  the  supposed  age  of  the  subjacent  sand- 
stones, shales  and  conglomerate,  when  an  Eurypterid  fanna 
was  discovered  in  the  partings  of  the  Shawangunk  conglomer- 
ate this  bed  was  definitely  correlated  with  the  Salina  of  western 
New  York,J  and  the  overlying  beds  mnst,  therefore,  be  of 
Salina  age  or  later.  Some  donbt  seems  to  exist,  bowever,  con- 
cerning the  relation  of  these  shales  and  sandstones  to  the  under- 
lying Shawangunk  and  to  the  overlying  limestones  and  cement 
beds.  These  contacts  have  frequentlv  been  described,  bat 
the  descriptions  do  not  agree  with  tlie  observation  of  the 
writer,  and  a  somewhat  more  detailed  description  of  these 
contacts  or  transitions  may  throw  a  little  light  on  the  relations 
of  the  beds. 

A  great  unconformity  has  always  been  recognized  between 
the  Shawangunk  conglomerate  and  the  underlying  Hudson 
Kiver  shale  m  Ulster  county,  but  no  detailed  description  of  this 
contact  is  known  to  the  writer.  The  upper  contact  of  the 
Shawangunk  conglomerate  with  the  overlying  shale  (now  gen- 
erally called  the  High  Falls  shale  in  this  vicinity)  has  b«en 
described  in  detail  by  Ilartnagel,  but  his  description  does  not 
agree  with  the  observations  here  given.  He  states  that :  "  In 
the  eastern  section  these  shales  are  entirely  devoid  of  pebbles, 
generally  of  a  bright  red  color  and  uniform  in  character, 
specially  near  their  base.  On  exposure  to  the  atmosphere  they 
break  into  small  angular  fragments  which  are  easily  washed 
away,  leaving  the  sloping  surface  of  the  conglomerate  beneath 
clean  and  white.  ...  It  is  evident  then  that  there  is  a  very 
marked  change  in  the  character  of  the  sedimentation  follow- 
ing the  conglomerate,  suggestive  of  a  hiatus  at  this  point."§ 

•Report  of  the  New  York  State  Oeologitt,  1898,  pp.  807-809. 
tC.  A.  Hartn^el.Rept.  N,  Y.  Stnte  Paleoatologiat,  1908,  pp.  843-856. 
X  Science.  Nov.  16,  1806  ;   N.  Y.  State  Moa.  Bull.  107.  pp.  29S-8I0. 
^  C.  A.  Hartnaael :  Notea  on  the  Silnrio  or  Ontaric  Section  of  EMtern  New 
York.  Kept.  N.  Y.  State  Fftleantologiat,  1908,  p.  845  (I90Sf. 
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More  recently  tirabau  has  asaigned  these  beds  to  a  continental 
or  non-marine  origin  and  placed  a  hiatUB  or  disconformity 
between  tbe  upper  member  and  the  overljing  cement  beds  and 
limestones.* 

All  of  the  authors  referred  to  above  have  studied  these  beds 
either  in  natural  ontcrope  or  in  exposnres  uncovered  in  the 
Rosendale-Wbiteport  Cement  region.  One  featnre,  which 
throughout  this  whole  region  conceals  tlie  true  relations  of 
adjacent  beds,  seems  to  have  been  undervalued  in  these  descrip- 
tions and  that  is  the  fanlting  of  the  region.  Almost  innumer- 
able faults  cut  np  and  complicate  the  geology  uf  this  region. 
Both  gravity  and  thrust  faults  are  present,  but  the  thrust  faults 
predominate.  These  range  all  the  way  from  a  few  feet  up  to 
several  hundred  feet  in  throw.  Moreover,  the  effect  of  fault- 
ing is  not  confined  to  fault  planes  or  fault  fractures  superin- 
duced upon  the  rouks  at  the  time  of  faulting,  but  movement 
has  frequently  taken  place  along  tbe  bedding  planes.  These 
fault  movements  seem  to  favor  the  bedding  planes  between  tlie 
beds  of  different  physical  character  and  they  often  obscure  the 
natural  transition  between  successive  beds.  Perhaps  faulting 
near  the  contact  has  given  the  impression  that  the  change  from 
Shawangunk  conglomerate  to  High  Falls  shale  is  more  abrupt 
than  it  really  is.  The  same  is  true  of  the  transition  above  to 
tbe  Binnewater  sandstone  and  from  this  to  the  overlying 
cement  beds  or  limestones. 

Deecription  of  sections. — The  studies  on  which  tliis  paper 
is  based  were  commenced  in  the  summer  of  1906,  under  the 
direction  of  the  Department  of  Geology  of  Columbia  Univer- 
sity. They  were  continued  through  two  full  years  from  1907 
to  1909,  while  the  writer  was  employed  by  the  New  York  City 
Board  of  Water  Supply  as  inspector  of  test  borings  during  tbe 
preliminary  survey  and  as  a  meml>er  of  the  engineering  field  ' 
force  during  the  construction  of  the  Hondout  Siphon  shafts 
and  tunnels.  A  large  number  of  core  borings  weredrilled  and 
live  shafts  were  sunk  in  whole  or  in  part  through  these  beds. 
These  offered  exceptionally  good  opportunities  for  observing 
the  relation  of  these  beds  m  tbeir  natural  unweathered  and 
nndisturbed  condition  and  of  making  accurate  measurements 
of  the  thickness  at  different  points  along  a  line  some  two 
and  one-half  miles  in  length. 

The  present  paper  wilfcousider  only  the  formations  included 
between  the  unconformity  at  the  tup  of  the  Hudson  River  shale 
and  the  base  of  the  Upper  Silurian  limestoues  or  cement  beds. 
In  this  region  these  formations  include  three  distinct  members. 
At  tbe  base  comes  the  Sliawangunk  conglomerate  with  a 
■Jonr.  of  Geol.,  v»I.itvii,  No.  8,  p.  353, 1M9. 
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maxiinnin  thickness  in  this  vicinity  of  284  feet  where  the 
full  formation  was  probably  present  and  not  increased  in  thick- 
ness by  dip  of  beds,  folding,  or  faulting.  Above  this  comes 
the  High  Falls  sliale,  a  senes  of  red,  green,  and  black  shales, 
somewhat  variable  in  thickness,  in  color,  and  in  physical  char- 


acter even  in  closely  adjacent  areas.  The  upper  member  is  the 
Binnewater  sandstone,  a  bed  which  in  the  type  locality  at  Biii- 
newater,  some  fonr  miles  northeast  of  High  Falls,  is  a  dense 
white  quartzite,  but  which  in  this  locality  retains  the  quartzite 
character  only  for  a  few  feet  near  its  upper  limit  and  is  a  thin- 
bedded,  porous  saudstone,  interhedaed  with  green  shale 
thronghout  the  greater  part  of  its  thickness. 
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The  following  measnrementE  made  from  core  borings  at  the 
points  indicated  on  the  accompanying  cross  section  (iig.  2)  will 
show  how  variable  these  beds  are  within  narrow  limits: 


514    drift  A  1.  B.  (14S' not  separated) 

240       "  "  55  67 


68* 

345J 
40»t 

20* 

59* 

6* 

10         lOOf  Hudson  Biver  S»& 

27        221t        "         "  78t 

A  (*)  indicktaa  that  the  boring  did  not  penatnte  tb«  fall  thlcknms  of  the 
bed. 

A  (f)  indicates  that  the  poaiUon  or  thlcknea  waa  due  to  fanlting. 

{%)  Tbt«  value  waa  greater  than  the  normal  thlokuMa  of  the  formstioo 
becikiue  of  the  angle  of  dip. 


From  these  measurements  it  is  evident  that  the  approximate 
thickness  of  tlie  Binnewater  sandstone  is  55  to  60  feet.  In 
hole  12,  where  the  thickness  is  given  as  70  feet,  the  underlying 
shale  is  thinner  than  in  the  adjacent  hole  10,  so  that  an  error 
may  have  been  made  in  drawing  the  line  between  these  two 
members  when  examining  tlie  core.  If  this  be  true,  then  the 
tJiickness  of  this  formation  varies  from  .52  to  62  feet  for  this 
vicinity.  This  measurement  agrees  very  closely  with  a 
measurement  made  in  tlie  gorge  of  the  Hondoiit  below  the 
falls. 
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The  High  Falls  shale  is  more  variable  in  thickness  as  well  as 
in  color  and  physical  character  in  the  various  drill  holes.  The 
larger  values  given  above,  that  is  90  to  100  feet,  more  nearlj- 
agree  with  the  thicliness  exposed  in  the  gorge. 

The  Shawaogunk  conglomerate  probably  does  not  exceed 
280  feet  in  thickness  within  this  limited  area.  Where  the 
measured  thickness  is  greater  than  this  it  has  been  affected  by 
folding  or  faulting,  as  is  shown  on  the  accompanying  diagram 
(%  2)- 

These  measurements,  made  in  core  boringe  and  checked  by 
accurate  measurements  in  the  shafts  during  construction,  and 
by  a  comparison  with  the  beds  exposed  in  the  gorge  below  the 
falls,  diner  materially  from  those  given  by  Mather  and  by 
Darton.  Their  measnreraents  are  introdnced  here  for  com- 
parison : 

Average  section         ]         Uatber'i  section         ,         Duton's  gection 

!no.  I 

Cement  beds [3  Cement    rock  8-  SJCement ., 

Binnewater  sand-        |4  Pyritousaiaty  r Clinton  to  Medina  40 

stone 55  limestone.     4-I0| 

High  Palls  sbale.    BOJd  Red  shale..   IS-20 
Shawangnnkcon-        |6  Conglomer-  I 

glomerate 270:        ato  .  , jShawangunk 

In  a  cut  on  the  Wallkill  Vaiiey  railroad  near  Binnewater 
the  fnll  section  between  the  cement  beds  and  the  Hndson 
River  shale  is  exposed.  This  section  gave  the  following 
measurements : 

Binnewater  sandstone  32  feet 

High  Falls  shale  )  _     „ 

Sbawangunk  conglomerate     \ 

The  contact  between  the  Sbawangunk  conglomerate  and  the 
High  Falls  sbale  is  concealed  in  this  section,  so  that  the 
individual  measurements  of  these  beds  could  not  be  obtained. 
In  a  drainage  tunnel  of  the  consolidated  Kosendale  Cement 
Company,  a  few  hundred  yards  away,  a  similar  section  was 
exposed.  Although  this  was  not  accessible  for  accurate 
measurement,  the  thickness  of  the  conglomerate  was  estimated 
at  ten  feet,  and  this  value  was  probably  the  approximate  thick- 
ness in  the  section  given  above. 

In  this  Binnewater  section  the  Binnewater  sandstone  is  a 
dense  white  or  pale  gray  sandstone  approaching  a  quartzite 
throaghont.  The  High  Falls  shale  is  a  soft,  fine-grained, 
bright  red  shale  with  very  little  material  of  any  other  color. 
The  Sbawangunk  conglomerate  consists  of  ((uartz  pebbles  in  a 
somewhat  darker  colored  matrix.     In  this  exposure  the  details 
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of  the  contacts  or  traositioDB  from  bed  to  bed  could  not  be 
observed. 

In  the  f^rge  of  Eondont  Creek  below  the  falls  the  Bioae- 
water  sandstone  is  approximately  50  feet  thick.  The  upper 
three  or  four  feet  is  a  white  qnartsitic  sandstone  similar  to  the 
whole  formation  at  Binnewater.  Beneath  this  it  consists  of 
alternating  beds  of  shale  and  sandstone,  gray  to  fcreenish  in 
color  and  very  soft  and  friable.  Many  of  tJie  bedding  planes 
show  ripple  marks  and  enn  cracks.  The  boundary  between 
this  and  the  nnderlying  shales  is  not  distinct.  Tlie  one  forma- 
tion passes  gradually  into  the  other,  the  sandy  layers  becoming 
less  prominent,  and  being  replaced  by  proportionately  more 
and  more  shale. 

The  High  Falls  shale  consists  of  three  practically  distinct 
members,  an  upper  shale  extending  from  the  baee  of  the  Bin- 
newater sandstone  to  the  little  fall  at  the  old  grist  mill,  a 
middle  sandstone  twelve  feet  thick  giving  rise  to  this  fall,  and 
a  lower  shale  extending  down  to  the  Sliawangnnk  con- 
glomerate. The  upper  shale  is  mostly  dark  gray  to  black  in 
color,  but  it  has  a  nnmber  of  green  shale  beds  and  one  dark 
reddish  colored  bed  several  feet  thick  near  its  base.  The 
middle  sandstone  is  almost  black  in  color.  The  lower  shale 
consists  of  alternating  green  and  red  sliales,  the  red  color  pre- 
dominating. Bnt  even  in  this  member  the  red  is  not  as  bril- 
liant as  in  the  Binnewater  section. 

These  three  members  can  be  distinctly  recognized  in  the 
cores  from  some  of  the  drill  holes.  Their  tliickness  in  three  of 
the  holes  waa  as  follows : 

Holt  No.        Upper  ibale       Hiddle  Mndatone       Lower  shale 


Hole  No.  6  did  not  penetrate  the  fall  thickness  of  the  High 
Falls  shale.  Moreover,  the  shale  varied  so  mucli  in  both  color 
and  texture  in  this  hole  that  the  division  into  members  and 
correlation  with  the  other  holes  could  not  be  carried  out.  Only 
a  few  feet  near  the  lower  pari  of  the  core  showed  any  red 
color,  while  the  greater  part  of  the  formation  (60  feet)  con- 
sisted of  a  dark,  almost  black  sandstone.  Hole  32  also  showed 
only  a  few  feet  of  shale  with  a  dark  reddisii  color,  the  rest 
being  dark  green,  dark  gray,  or  black. 

Shafts  &,  6,  T,  and  S  of  the  Kondont  tunnel  each  penetrated 
one  or  more  of  tlie  beds  under  discussion.  As  these  beds  were 
in  every  case  opened  up  at  a  coneiderable  distance  beneath  the 
surface,  where  weathering  bad  not  reached  the  materials  and 
where  circulating  waters  had  not  produced  any  important 
effects,  an  exceptional  opportunity   was  afforded  to  observe 
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these  beds  in  an  unaltered  condition.  Fnrtheniioi-e,  tlie  fresli 
cat  made  it  possible  in  every  case  to  observe  the  contacts  or 
transitione  between  formations. 

In  shaft  S,  only  the  lower  thirty  feet  of  the  Shawangunk 
conglomerate  was  penetrated  ;  all  tlie  higher  beds  werecut  out 
by  an  overthrust  fault  which  brought  the  Hudson  Biver  shale 
to  rest  upon  this  lower  part  of  the  conglomerate  (see  fig.  2). 
The  lower  contact  of  the  conglomerate  with  the  Hudson  Kiver 
shale  was  distinctly  shown,  and  it  was  a  distinct  erosional  un- 
conformity. The  irregular  contact  rose  nearly  four  feet  over 
a  rounded  projecting  mass  of  shale  at  the  center  of  the  shaft. 
At  the  base  of  the  conglomerate  was  a  tliin  layer  of 
bright  green  or  olive-green  shale.  The  first  few  feet  of  the 
conglomerate  consisted  of  lai^e  quartz  pebbles  np  to  two 
inches  in  diameter  in  a  dark  matrix.  Above  this  it  became 
pure   white  in  color  and  was  largely  sandy  in  texture. 

Shaft  7  penetrated  35  feet  of  drift,  mostly  finely  laminated 
clay,  54  feet  of  High  Falls  shale,  and  174  feet  of  Shawangunk 
conglomerate,  and  then  entered  the  Hudson  River  shale.  At 
this  point  the  High  Falls  shale  consisted  of  alternating  bands 
of  red  and  green,  the  red  predominating.  The  bands  of  color 
did  not  always  correspond  with  the  bedding  planes ;  the  red 
color  seemed  to  be  due  rather  to  the  action  of  oxidizing 
waters.  Many  of  the  larger  masses  of  rock  brought  out  dur- 
ing the  excavation  of  the  shaft  were  mottled  with  red  and 
green  in  an  irregular  manner. 

The  transition  from  the  conglomerate  to  the  shale  was 
clearly  shown  in  this  shaft  and  it  was  a  rather  gradual  one. 
The  upper  six  or  eight  feet  of  the  conglomerate  consisted  of 

Snartz  pebbles  in  a  dark  shaly  matrix.  Above  this  came  two 
eet  of  mingled  red  and  green  shales  containing  numerous 
?nartz  pebbles.  The  quartz  pebbles  decreased  in  number 
rom  the  bottom  to  the  top  of  this  two-foot  layer,  completely 
failing  in  the  overlying  shale.  One  rather  remarkable  feature 
about  tliese  pebbles  was  that  they  were  larger  than  the  aver- 
age size  of  the  pebbles  in  the  conglomerate  below.  The 
transition,  however,  was  a  gradual  one  and  there  conld  be  no 
gap  in  the  record  as  su^iregted  by  Hartnagel. 

The  lower  contact  of  the  Shawangunk  conglomerate  with 
the  Hudson  Hiver  shale  was  also  well  shown  ;  it  was  in  a  fresh 
and  undisturbed  condition,  A  thin  layer  of  bright  olive-green 
shale  occurs  at  the  base  of  the  conglomerate  and  unconform- 
able with  the  underlying  shale. 

Shaft  6  passed  through  26  feet  of  drift  consisting  of  bowl- 
der clay  or  till  with  numerous'  large  bowlders  and  many  peb- 
bles. Then  it  penetrated  the  Shawangunk  conglomerate  with 
a  thickness  of  277  feet.  The  upper  surface  had  suffered 
glacial  erosion  and  possibly  a  few  feet  of  conglomerate  may 


Dcillizedoy  Google 


472  T.  V.  Brown — Shawatigunk  Cojiglomerute. 

have  been  removed.  Ttie  iip]>er  )>ed  consietedof  co&r»e  quartz 
peblilea  embedded  in  a  tiner  ^(rained  matrix.  Ten  feet  from 
the  upper  surface  came  a  layer  of  olive-green  ebale  one  foot 
thick  and  beneatli  this  tlic  rock  was  mostly  tiiic-fii-aiiied,  pure 
white  sandtttone  with  occasional  conglomerate  beds.  There 
were  Bevera)  layers  of  the  green  t^bale  a  few  inches  in  tbickneBe 
and  occasional  partings  of  black  shaly  material  a  fraction  of  an 
inch  thick.  The  contact  of  the  conglomerate  and  the  Undson 
River  shale  was  also  well  shown  in  this  shaft.  The  nncon- 
formity  was  sharply  defined ;  the  Rndson  River  beds  were 
dipping  at  a  considerable  angle  and  the  lower  part  of  the 
Shawangnnk  beds  consisted  of  two  to  three  feet  of  light  olive- 
green  shale.  Above  this  the  conglomerate  was  hard  and  coarse- 
grained. 

Shaft  5  passed  tliroagh  50  feet  of  drift,  partly  till  and  partly 
laminated  clay,  and  then  penetrated  the  Shawaugunk  cod- 
elomerate,  355  feet  thick,  nnder  conditions  similar  to  thoec 
described  for  shaft  6. 

Shaft  4  passed  from  the  overlying  limestone  throagh  botti 
the  Binoewater  sandstone  and  High  Falls  shale  into  the  Sha- 
wangnak  conglomerate.     The  thickness  of  these  beds  has  been 

?'ven  above  under  Hole  32,  which  occupied  the  same  position, 
bis  shaft  exposed  the  best  nnweatherea  section  of  the  Binne- 
water  sandstone ;  it  consisted  at  the  top  of  a  dense  quartz 
sandstone  layer  and  below  of  alternating  sandy  and  shaly  nands 
a  few  inches  thick ;  it  was  gray  to  greenish  in  color  and  con- 
tained considerable  calcareous  material.  Quite  a  proportion  of 
this  calcareous  material  bad  been  dissolved  out,  leaving  the 
rock  porous  and  honeycombed,  with  numerous  cavities  often 
lined  with  minute  calcite  crystals.  The  High  Falls  shale  in 
this  shaft  was  green  to  black  in  color,  rather  porous  in  places 
and  it  contained  a  considerable  amount  of  iron  pyrite.  Iron 
pyrite  also  occurred  in  the  upper  few  feet  of  the  Shawangnnk 
conglomerate. 

Summary  of  Observations. — The  observations  on  these  three 
formations  in  the  vicinity  of  High  Falls  may  be  snmmarized 
as  follows : 

Binnewater  mneUtone. — In  the  type  locality  near  Binnewater 
this  sandstone  is  dense,  white,  and  quartzitic,  32  feet  thick. 
In  the  gorge  of  the  Rondout  at  High  Falls  only  a  few  feet  at 
the  top  have  the  characteristics  of  the  formation  at  the  type 
locality.  The  remainder  of  the  formation  consists  of  thin- 
bedded  alternating  shaly  and  sandy  layers,  often  showing 
ripple  marks  and  snn  cracks,  and  gray  to  green  in  color.  In 
shaft  4,  the  locality  farthest  from  the  outcrop  of  any  section 
studied,  the  upper  thin  layer  of  white  quartzitic  sandstone  was 
recognized.  Uclow  this  the  formation  consisted  of  alternating 
thin    beds    of   sand   and   shale,   often   calcareous   and    with 
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immeroUB  cavities  frequently  lined  with  minute  calcite  crystals. 
The  transition  from  the  underlying  ehale  and  to  the  overlying 
limestone  is  gradual,  not  an  abrupt  contact. 

High,  FaUs  ehale. — In  the  Bmnewater  outcrop  the  High 
FallE  ghale  is  aimoet  wholly  a  fine-grained,  bright  red  shale 
with  subordinate  green  layers,  approximately  68  feet  thick. 
In  the  gorge  of  tlie  Rondoiit  it  consiBts  of  three  easily 
separated  members,  an  upper  shale,  a  middle  sand,  and  a  lower 
shale.  The  upper  shale  member  is  predominantly  green  or 
gray  in  color  with  a  subordinate  bed  of  dark  red.  The  middle 
sand  is  dark,  almost  black  in  color,  and  the  lower  ehale  Is  pre- 
dominantly red,  althougii  much  darker  and  less  conspicuous 
than  the  Binnewater  outcrop.  These  three  members  can  be 
recognized  in  sliaft  4,  and  in  some  of  the  core  borings  along 
the  flondout  tunnel  line,  hut  at  a  distance  from  the  outcrop 
the  red  color  almost  fails  and  is  replaced  by  green  or  black. 
Tbe  exposure  of  these  beds  in  shaft  7  shows  that  the  bands  of 
color  do  not  always  correspond  to  the  bedding  planes,  and  the 
red  color  is  evidently  due  to  oxidation  by  surface  waters. 
Many  of  the  beds  are  irregularly  mottled  green  and  red.  The 
transition  from  the  underlying  conglomerate  and  to  the  over- 
lying sandstone  is  in  each  case  where  well  exposed  a  gradual 
change,  not  an  abrupt  contact  or  unconformity.  In  the 
UQweathered  exposure  of  shaft  4,  iron  pyrite  is  present  in  con- 
siderable amounts. 

Shawangunk  conglomerate. — In  the  Binnewater  outcrop  this 
is  a  thin  conglomerate  layer  about  ten  feet  thick.  The  various 
shafts  and  trarings  along  the  tunnel  line  show  that  where  it  is 
neither  reduced  nor  increased  in  thickness  by  faulting  or  fold- 
ing this  formation  varies  from  174  to  284  feet.  The  lower 
limit  of  the  formation  is  a  distinct  unconformity.  At  the  base 
of  the  conglomerate  there  is  always  a  layer  of  bright  olive- 
green  shale  varying  in  thickness  from  a  few  inches  to  several 
feet.  Similar  green  shale  layers  occur  at  several  points  within 
the  formation  and  vary  from  a  few  inches  to  a  foot  thick. 
Occasional  black  partings  a  small  fraction  of  an  inch  thick 
occnr.  The  conglomerate  is  slightly  coarser  grained  at  the 
base  and  at  the  top,  and  at  a  few  intermediate  points,  bat 
throughont  the  greater  part  of  its  thickness  this  formation  is  a 
pure  white  quartz  sandstone  rather  than  a  conglomerate. 
Cross  bedding  on  a  small  scale  is  common.  The  transition  to 
the  shale  above  is  rather  gradual.  Occasionally  iron  pyrite 
occurs  near  the  upper  limit  of  the  formation. 

A  careful  search  during  the  excavation  in  these  three  forma- 
tions failed  to  discover  any  trace  of  fossils. 

Conclusion. — These  three  formations  evidently  make  up  a 
continuous  and  unbroken  series,  extending  from  the  uncoTi- 
formity  at  the  base  of  the  Shawangunk  conglomerate  up  to, 
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and  firrading  into,  the  Rosendale  cement  bed  of  tUe  L'ppt-r 
Silurian. 

The  red  color  of  the  High  Falls  shale,  which  has  been  eon- 
sidered  an  evidence  of  the  deposition  of  these  beds  under 
desert  or  at  least  snbaSrial  conditions,  is  not  an  original  char- 
acter, but  lias  been  prodnced  bj  com  parativelj  recent  weather- 
ing and  practically  fails  where  these  oeds  are  uncovered  away 
from  the  ontcrop  or  the  effects  of  circulating  grouud  waters. 

The  pure  white  color  of  the  Shawangnnk  conglomerate  with 
included  layers  of  bright  green  shale  cannot  be  readily  ex- 
plained on  the  theory  of  subafirial  deposition,  nnder  the  and 
climatic  conditions  postulated  for  Salina  time,  and  the  fine- 
grained sandy  character  of  this  formation  thronghont  the 
greater  part  of  its  depth  is  hardly  consistent  with  the  torrential 
theory  of  its  origin. 

The  presence  of  considerable  quantities  of  iron  pyrite  in  the 
High  Falls  shale  and  upper  part  of  the  conglomerate  is  not 
consistent  with  the  snbagrial,  allnvial  fan  theory  of  origin  in  an 
arid  Salina  climate.  The  green  color  of  the  shale  layers  in  the 
conglomerate  and  their  great  preponderance  in  the  un  weathered 
sections  of  the  High  Falls  shale  as  well  as  the  presence  of  iron 
pyrite  in  the  latter  formation  indicate  that  the  beds  were 
deposited  under  conditions  such  that  the  iron  was  subjected  to 
reauctioD,  not  oxidation.  This  would  imply  either  subaqueous 
depoflitton  or  the  presence  of  abundant  v^etable  or  other 
organic  matter.  We  have  no  evidence  that  laud  vegetation 
was  abnndant  during  the  Salina  epoch  and  the  total  lack  of 
fossils  wonld  farther  indicate  that  the  rednction  was  not 
brought  about  by  organic  matter.  It  seems  necessary,  there- 
fore, to  conclude  that  these  formations  were  deposited  under 
water. 

The  thin-bedded  Binnewater  sandstone  containing  consider- 
able amounts  of  calcium  carbonate  and  grading  upward  into 
the  hydraulic  cement  bed  and  then  into  the  normal  marine 
Oobleskill  limestone  cannot  be  explained,  in  so  far  as  the 
writer  can  see,  as  other  tlian  a  normal  marine  shaly  sandstone. 
Tn  this  region,  at  least,  there  is  no  trace  of  a  great  break  or 
hiatus  during,  or  at  the  close  of,  this  formation. 

These  facts  lead  to  the  unavoidable  conclnsion  that  in  this 
region  these  three  formations  constitute  a  normal  sequence  at 
the  base  of  a  normal  marine  tranegressioil  dnring  Salina  and 
Upper  Silurian  time.  They  are  overlapped  to  the  north  and 
east  by  higher  beds,  as  we  should  expect  in  such  a  normal 
transgression.  These  beds  cannot  be  interpreted  as  snbagrial 
deposits  of  the  alluvial  fan  type,  and  there  is  no  apparent 
reason  why  they  should  be  considered  delta  rather  than  normal 
shore  deposits. 

Bryn  Mawr,  Penn. 
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SCIENTIFIC    INTELLIGENCE. 
I.    Chemistht  and  Physics. 

1.  The  Peculiarity  of  Nickel  and  Cobalt  Sulphides.— The 
contradictory  behavior  of  these  sulphides  in  the  fact  that  they 
&re  not  formed  in  solutions  of  strong  acids  and  that  when  once 
formed  they  are  practically  insoluble  in  Mtrong  acid  solutions  is 
well  known  to  every  student  of  analj'tical  cbemistry,  as  it  is 
contrary  to  an  almost  universal  rule  governing  precipitation.  A. 
TiiiEL  and  H.  Gkssnxr  have  made  an  elaborate  study  of  this 
matter  by  precipitating  nickel  sulphide  under  various  conditions, 
treating  the  precipitates  with  acids  for  varying  lengths  of  time, 
repeating  the  treatment  with  the  undissolved  residues  and  deter- 
mining (Quantitatively  the  amounts  of  nickel  dissolved.  They 
believe  that  they  have  explained  the  contradictory  behavior  of 
nickel  sulphide  in  its  essential  features,  for  they  find  that  an 
easily  soluble  nickel  sulphide  exists,  but  that  it  undergoes  a 
spontaneous  modification  into  more  difficultly  solable  sulphide, 
probably  on  account  of  polymerization.  It  ia  their  opinion  that 
besides  the  soluble  sulpnide,  which  they  designate  an  the 
B-modification,  two  other  modifications,  /3  and  y,  exist.  Thev 
consider  it  highly  improbable  that  the  soluble  form,  the  a-NiS,  is 
a  hydrate  as  has  been  surmised.  They  find  that  all  the  modifica- 
tions have  the  same  empirical  composition, corresponding  to  NiS, 
and  on  this  account  they  believe  tnat  polymerization  takes  place. 
— Zeitschr.  anorgan.  Cnem.,  Ixxxvi,  1.  u.  i,.  w. 

3.  The  Dimethyl  Phosphates  of  the  Rmre  Earths.— \n  connec- 
tion with  the  important  rare  earth  investigations  that  are  being 
carried  on  at  New  Hampshire  College  by  Professor  James,  J.  <^ 
MoBGAN  and  C.  Jambs  have  prepared  the  dimethyl  phosphates  of 
a  nnmher  of  rare  earths  ana  have  studied  their  solubilities  with 
the  following  results : 

Parit  ot  salt  per  100 
Element  Parts  ot  water  at  25° 

Lanthanum 103'7 

Cerium  ,.  ..     79-fl 

Praseodymium 64'1 

Neodymium 66'1 

Samarinm 35'2 

Gadolininm   23-0 

Yttrium 28 

Erbium )'78 

Ytterbium ]-2 

They  have  applied  these  salts  to  the  fractional  separation  of 
several  mixtures  of  the  earths,  and  find  that  the  rate  of  separation 
is  vaatly  greater  than  practically  alt  the  methods  given  up  to  the 
preaent  time.    Lanthanum,  cerium,  praseodymium  and  neodymium 
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are  left  at  once  in  the  mother  liquor.  Samarium,  europium  and 
gadolinium  are  much  less  soluble  than  those  just  mentioned,  but 
they  are  more  soluble  than  terbium,  dyaprosium  and  holminm. 
Erbium,  thulium,  yttrium,  ytterbium,  etc.,  collect  in  the  least 
soluble  portions.  Since  the  solubilities  of  these  compounds  are 
the  revenie  of  the  usual  type,  they  can  be  used  for  the  rapid 
purification  of  many  of  the  rare  earths.  For  instance,  traces  of 
neodymium  can  be  easily  removed  from  samarium  by  this  means, 
as  the  aamariuro  compound  separates  before  the  other  one.  There 
is  some  incoDTeoienoe  in  workinf;  with  these  salts,  since  they 
undergo  gradual  decomposition,  with  the  formation  of  a  gela- 
tiuoua  precipitate  wbioh  filters  with  diOiculty. —  Vhtm.  Naei, 
eiK,  13,  H.  1,,  w. 

3,  Qualitative  Chemieal  j4na/y<i<,  by  Airrohr  Vobisek.  8vo, 
pp.  226.  Philadelphia,  1914  (P.  Blakiston's  Son  &  Co.  Price 
t^.OO  net.). — This  is  a  text-book  for  laboratory  use,  dealing  with 
the  common  elements  and  their  compounds.  The  course  of 
analysis  presented  is  an  unusually  extensive  and  satisfactory  one. 
The  directions  are  full  and  clear  and  the  explanations  are  excellent. 
It  rarely  happens  that  a  new  text-book  on  qualitative  analysis 
makes  so  good  an  impression  upon  examination  as  this  one.  In 
coDDCction  with  the  descriptions  of  the  reactions  the  equations  are 
put  in  a  compact  form  by  putting  the  substance  reacted  upon  at 
the  top,  the  reagent  below  it,  and  the  products  of  the  reaction 
under  a  line.     For  example  : 

ZnCl, 

+(NH,).S 

=  ZnS  +  2NH,CI 

The  author  has  made  a  few  modifications  in  the  usual  course  of 
analysis,  such  as  the  precipitation  of  manganese  in  the  ammonium 
hydroxide  group  by  the  addition  of  hydrogen  peroxide,  the 
separation  of  the  sulphide,  ferrocyanide  and  ferricyanide  radicals 
from  the  rest  of  the  silver  nitrate  group  by  means  of  cadminm 
nitrate,  and  so  on.  h.  l.  w. 

4.  Introduction  to  Modern  Inorganic  Vhemiatry,  bv  J.  W. 
Mbllor.  12mo,  pp.  684.  London  and  New  York,  1914'  (Long- 
roans,  Green  and  Co.  Price  tl.3U). — This  text-book  is  a  simpli- 
fication of  a  considerably  larger  one  by  the  same  author  which 
appeared  about  two  years  ago  and  was  very  favorubiy  noticed  on 
account  of  breadth  of  scope  and  interesting  style.  However,  it 
did  not  appear  to  be  a  suitable  book  for  the  use  of  beginners  on 
account  of  Its  fize  and  character.  The  present  book  presents  the 
subject  somewhat  more  conventionally  and  briefly  than  the  otiier. 
It  is  very  able  and  interesting,  retaining  to  a  large  degree  the 
admirable  features  of  the  previous  work.  It  is  to  be  highly 
recommended  to  readers  in  search  of  fundamental  chemical  in- 
formation, but  perhaps  even  the  condensed  form  may  be  con- 
sidered somewhat  too  elaborate  for  use  as  a  drill-book  with  the 
majority  of  beginners.  b.  l.  w. 
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5,  The  Practical  Mtthods  of  Organic  Chemistry,  by  Ludwig 
Gattebhanh.  Translated  by  Schobbr  and  Babasiniam.  12[iio, 
pp.  401.  New  York,  1914  (The  Macmillan  Company). — This 
ii  the  third  American  edition,  corresponding  to  the  eleventh  Ger- 
man edition,  of  a  book  that  ia  so  well  kaown  and  so  widely  used 
in  oonnectioD  with  the  preparation  of  organic  compounds,  that  it 
is  only  necessary  to  say  that  the  new  edition  contams  some 
important  but  not  very  extensive  additions.  ii.  l.  w. 

6.  Spectrography  of  SSntgen  Rayt. — A  spectrograph  for  X- 
raya,  giving  lineB  which  compare  favorably  in  sharpness  with 
ordinary  spark  spectra,  baa  been  devised  by  Maurice  de  Broglie 
and  used  very  succemfully  by  the  inventor  and  by  several  other 
investigators.  A  beam  of  X-rays  is  caused  to  paBS  through  a 
rectangular  slit  in  a  lead  block  and  to  fall  upon  the  plane  face  of 
a  suitable  crystal.  This  crystal  is  slowly  rotated  by  clockwork 
(or  otherwise)  around  an  axis  which  is  parallel  to  the  slit,  which 
lies  in  the  reflecting  surface  of  the  crystal,  and  which  intersects 
the  axis  of  the  X-ray  beam  at  the  point  of  incidence.  The  crys- 
tal behaves  like  a  three-dimensional  grating  and  brings  the  radia- 
tions to  foci  whose  centers  lie  on  the  arc  of  a  circle  passing 
throngb  the  point  of  incidence  on  the  crystal  surface  and  having 
a  radius  equal  to  the  distance  between  the  point  of  incidence  and 
the  point  where  the  beam  of  X-rays  forms  an  effective  slit.  If  a 
photographic  film  is  bent  into  the  form  of  a  cylinder  containing 
the  arc  just  defined,  the  X-ray  spectra  will  be  recorded  as  the 
crystal  is  slowly  rotated.  The  glancing  angle  a  and  the  wave- 
length A.  will  satisfy  the  well-known  relation  nX  =  2rfsina.  It  is 
easy  to  show  mathematically  that,  for  small  wave-lengths,  the 
spectra  will  be  normal.  By  rotating  the  dispersing  crystal  in  both 
directions  with  respect  to  the  incident  beam,  spectra  of  positive 
and  negative  orders  will  be  registered  and  hence  any  uncertainty 
as  regards  the  exact  point  of  incidence  can  be  avoided.  In 
general,  sufGciently  accurate  I'esults  can  be  obtained  by  using  a 
plane  photographic  plate,  placed  as  a  mean  chord  of  the  focal 
circle,  instead  of  a  cylindrical  film.  Furthermore,  the  apparatus 
can  be  used  as  a  direct  vision  spectroscope  by  substituting  a  suit- 
able phosphorescent  screen  for  the  photographic  plate. 

The  negatives  obtained  by  de  Broglie  are  very  clear,  and 
beautiful  from  the  scientific  standpoint.  The  general  appearance 
of  the  spectra  may  be  briefly  described  as  follows:  They  com- 
mence at  the  short  wave-length  side  with  two  bands  which  appear 
to  be  continuous.  The  narrower  band  is  very  intense  and  has  a 
sharply  defined  boundary  at  the  longer  wave-length  side.  The 
wider  band  is  much  weaker  and  shades  off  gradually  towards  the 
longer  wave-lengths.  Near  the  outer  edge  this  band  is  associated 
with  fine  lines.  The  angle  corresponding  to  the  head  of  the 
weaker  band  is  about  twice  as  large  as  the  angle  for  the  head  of 
the  stronger  band.  The  indefiniteness  of  the  outer  limit  of  the 
weaker  band  makes  it  impossible  to  tell  whether  the  factor  is 
exactly  two,  that  is,  whether  the  diflnse  band  is  simply  the  second 
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order  Bpectrum  of  the  more  intense  image.  These  bands  are  pro- 
duced by  very  penetrating  radiations  which  play  the  most 
important  part  in  X-ray  phenomena  when  the  total  emission  is 
not  minately  analyEed.  They  probably  represent  the  electromag- 
netic radiation  caased  by  the  sndden  stopping  of  the  cathode  raj's 
by  the  anticathode.  The  rest  of  the  spectnim  consists  of  sharp, 
diHcrete  lines  snperposed  on  a  much  fainter,  continuous  bacii- 
ground.  By  nsing  an  absorbing  screen  of  glass  1°""  thick  it  was 
found  that  Uie  "  lines "  practically  disappeared  while  the  back- 
ground was  only  weakened.  This  shows  that  the  oontinuoas 
spectrum  belongs  to  higber  orders  of  the  central  bands.  The 
"lines"  are  similar  to  ordinary  spectral  lines,  being  single,  mul- 
tiple, sharp,  diffuse,  strong,  weak,  etc.  For  details  uf  wave- 
lengths, dispersive  power  of  various  crystals,  and  many  other 
important  data  reference  must  be  made  to  the  original  article.— 
Jour,  de  Phya.,  vol.  iv,  Feb.,  19U,  p.  101.  h.  s.  u. 

7.  Removal  of  the  Fhotodectric  ^ect  of  Potasaia»..  —  \a  the 
Murch  number  of  this  Journal  attention  was  called  to  llie  eiperi- 
mental  work  of  KOstner  in  which  the  photoelectric  effect  of  zinc 
was  entirely  suppressed.  This  very  important  result  confirms  the 
hypotheses  advanced  several  years  ago  by  W.  Hallwachs  .is  well 
as  the  theoretical  considerations  and  experimental  facts  recently 
published  by  this  investigator  in  collaboration  with  G.  Wiedmann. 
(The  earlier  work  happened  to  appear  in  print  after  the  later 
The  priority  seems  to  belong  to  Hallwachs  and  Wiedmann  rather 
than  to  Fredenhagen  and  Kustner.) 

Starting  with  the  idea  that  the  photoelectric  effect  exhibited 
by  metals  could  be  suppressed  by  removing  the  last  traces  of 
gases,  Hallwachs  and  Wiedmann  investigated  potassium  and 
hydrogen,  since  the  alkali  metals  give  the  strongest  effect,  since 
potassium  w  always  used  in  photoelectric  cells,  since  hydrogen  is 
usually  present  in  such  celts,  and  since  potassium  absorbs  hydro- 
gen in  remarkably  large  quantities.  (One  volume  of  potassium 
absorbs  126  volumes  of  hydrogen.)  In  other  words,  if  it  conld 
be  shown  that  potassium,  which  initially  contained  a  great  deal 
of  hydrogen,  could  have  its  photoelectric  properties  destroyed  by 
freeing  it  completely  from  this  gas,  the  result  would  afford  the 
strongest  evidence  in  favor  of  the  hypothesis  that  the  presence  of 
a  gas  is  a  necessary  condition  for  the  existence  of  the  photoelec- 
tric effect  in  metals.  The  apparatus  used  was  of  too  complicated 
a  design  to  admit  of  easy  description  without  the  aid  of  a 
diagram.  Suffice  it  to  say  that  five  glass  bulbs  were  so  arranged 
as  lateral  branches  of  a  long  evacuating  tube  as  to  enable  the 
experimenter  (Wiedmann)  to  distil  with  extreme  slowness  the 
potassium  from  one  bulb  to  the  next  iu  the  series.  Each  bulb 
could  be  sealed  off  at  will  and  tested  for  its  photoelectric  effect 
by  comparison  with  a  standard  cell.  The  fourth  bulb,  which 
contained  thrice  distilled  potassium,  gave  about  the  same  deflec- 
tion before  and  after  illumination.  This  was  largely  due  to  sur- 
face conduction.     After  several  days  it  was  possihie  to  suppress 
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this  condnciion  and  then  the  fonrtb  cell,  when  illuminated,  gave 
a  deflection  of  14'""*  as  contraated  with  850°"°'  for  the  standard 
cell.  The  fifth  cell,  containing  potassium  which  had  been  distilled 
fonr  tiroes,  did  not  give  the  slightest  photoelectric  effect  even 
when  the  slit  between  the  lamp  and  the  cell  was  opened  so  wide 
that  the  standard  cell  oould  no  longer  be  used  for  comparison. 
The  entire  experiment  was  repeated  with  similar  results.  Conse- 
quently,  it  has  now  been  shown  that  the  photoelectric  effects  of 
potassium  and  zioc  can  he  completely  suppressed  by  removing  all 
traces  of  gases. —  Verh.  d.  deutsch.  physik.  GeatUsch.,  No.  2, 
p.  107,  1914.  u.  s.  u. 

8.  Heat  of  Formation  of  Hydrogen  fiom  Hydrogen  Atoms, — 
In  an  important  theoretical  paper  on  the  constitution  of  atoms 
and  molecules  N.  Bohr  has  calculated  the  heat  of  formation  of 
hydrogen    molecules   from  the  atoms  to  be  60,000  calories  per 

f  ram- molecule.  On  the  other  hand,  the  experimental  work  of 
BviNG  Langmuib  gave  the  much  higher  value  130,000,  This 
discrepancy  incited  the  latter  investigator  to  repeat  his  work  with 
greater  care  and  under  more  favorable  conditions.  The  method 
adopted  was  similar  to  that  previously  used  and  it  consisted  in 
the  determination  of  the  heat-loss  from  tungsten  wires  heated 
electrically  in  hydrogen.  The  gas  pressures  ranged  from  1°"°  to 
760™"'  of  mercury.  By  subtracting  the  heat-loss  due  to  normal 
heat- conduction  from  the  total  observed  heat-loss,  the  beat  carried 
by  diffusion  of  the  hydrogen  atoms  was  deduced.  When  the 
logarithm  of  this  quantity  was  plotted  against  the  reciprocal  of 
the  absolute  temperature,  straight  lines  were  obtained  for  each 
experiment,  and  the  slopes  of  all  these  lines  were  practically  equal 
and  independent  of  the  pressure  of  the  hydrogen  gas.  Assuming 
that  the  diffusion  coefficient  varies  with  the  f  power  of  the  tem- 
perature, it  follows  that  the  heat  of  formation  of  hydrogen  is 
about  76,000  calories  per  gram-molecule  instead  of  130,000  as 
previously  determined.  The  higher  value  was  based  on  a  calcula- 
tion of  the  actual  value  of  the  diffusion  coefficient  of  hydrogen 
atoms  through  ordinary  hydrogen.  The  more  recent  results  show 
that  the  degree  of  dissociation  is  much  smaller  than  had  been 
found  in  the  earlier  work,  and  that  at  temperatures  as  high  as 
3&00°  K.  hydrogen  is  probably  not  dissociated  to  a  very  great 
extent.  Langmuir  concludes  toat  the  experimental  evidence  now 
indicates  a  value  between  75,000  and  80,000  calories  and  that  it 
seems  very  improbable  that  the  heat  of  formation  of  hydrogen 
molecules  can  be  as  low  as  60,000,  which  is  the  figure  derived 
from  the  theory  of  Bohr.— PAi/.  Mag.,  xxvii,  p.  188,  Jan.,  1914. 

H.  e.  IT. 
ft.  TTurmal  Expansion  of  Quartx  Glass. — The  absolute  expan- 
sion of  quartz  gUss,  between  -I- 100°  C.  and  —253°  C,  has  been 
investigated  by  Kabl  Scuekl  and  Wii.hblm  Heusb.  The  speci- 
men was  made  in  the  form  of  a  ring  of  9-042'"'°°  altitude,  and  the 
method  followed  was  the  well-known  interference  scheme  dne  to 
Fisean.  The  expansions  of  the  ring  in  tho  intervals  — asS"  C.  to 
-(-le'C,  —190*' to  -f  16°,  — 78°  to  -H6°,  and  -Hfl"  to  -hlOO" 
Am.  Jovk.  Sci.— Fodbth  Sbbieb,  Vol.  XXXTII,  No.  221.~-Hat,  1014, 
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were  — O-.l'',  — O-IB'*,  +0-24'',  and  +0'*4'' reBpectively,  The 
curve  repreeeiiting  tfacsc  datapasHes  through  a  miDimum  at  about 
—  80°  C.  and  is  perf ecll y  "  smooth  "  at  higher  and  lower  temper- 
atures. The  equation  of  the  curve  is  given  as  "  /,  =  /,[1  +  0-362 
X  10-».(  +  0-001813  X  I0-«.(«  —  0-0000O34U  X  10-»./»]."  The 
investigators  poiot  out  the  danger  associated  with  the  assumption, 
often  made,  tnat  the  expansion  of  fused  silica  is  negligible.  In 
particular,  this  assumption  caused  certain  data  given  by  Linde- 
mann  to  deviate  from  the  correct  values  by  as  much  as  30  per 
cent.  Since  the  work  on  quartz  glass  was  carried  out  at  the 
Bureau  of  Standardti  at  Charlottenburg  it  is  doubtless  very  trust- 
worthy.—  Verh.d.  deutich. physik.  Gestllsch.,J^o.  1,  p.  1,  1914. 

H,   8.   u. 

10.  FhysicK  for  Ter/wical  Stiittexta.  Mechania  and  Ilml  ; 
by  WiLi-i*M  Ballantyvk  Anderson.  Pp.  li,  349;  133  figures. 
New  York,  1914  (McGraw-Hill  Book  Co.).— This  book  empha- 
sizes the  practical  applications  of  the  subjects  discussed  because 
it  is  designed  primarily  to  meet  the  needs  of  classes  in  Agricul- 
ture and  Engineering.  With  this  end  in  view  special  care  has 
been  giv«n  to  the  text  figures,  which  are,  without  exception,  well- 
drawn  and  clearly  printed.  The  author  says:  "  Wherever  pos- 
sible, every  principle  involved  in  the  text  is  brought  up  again  in 
a  problem;  so  that  in  working  all  of  the  problems  a  review  of 
practically  the  entire  book  is  obtained."  "  For  a  complete  course, 
the  text  should  be  accompanied  b^'  lectures  and  laboratory  work." 

The  subject-matter  is  divided  into  three  Parts  treating  re8i>ec- 
tively  of  Mechanics  {133  pages,  124  problems).  Properties  of 
Matter  (78  pages,  43  problems),  and  Heat  (116  pages,  36  prob- 
lems).    (Answers  to  the  problems  are  not  given.) 

The  author's  style  is  clear,  logical  and  attractive.  The  topics 
discussed  are  presented  in  a  thoroughly  scientific  manner  so  that 
the  usefulness  of  the  volume  should  not  be  restricted  to  purely 
technical  olasBes.  "More  space  than  usual  has  been  devoted  to 
the  treatment  of  Force,  Torque,  Translatory  Motion,  and  Rotary 
Motion."  On  the  other  hand,  the  text  is  enhanced  by  not  being 
encyclopedic.  Unusual  care  has  been  taken  to  minimize  errors 
of  all  kinds  and  the  book  makes  such  a  pleasing  impression  that 
it  merits  a  successful  future,  ii.  s.  u. 

11.  Niilural  Sources  of  Etiergtj ;  by  A.  H.  Gibson.  Pp.viii, 
131;  17  figures.  Cambridge,  1913  (University  Press). —  This 
little  book  is  devoted  to  a  discussion  of  the  world's  energy  prob- 
lem  and  the  possibilities  of  its  solution.  A  short  chapter  on  the 
transformation  of  energy  ia  followed  by  three  chapters  on  the 
utilization  of  fosdl  fuels,  of  solar  heat,  and  of  vegetation  for 
power  purposes  respectively.  Attention  is  then  turned  to  a  con- 
sideration of  the  internal  heat  of  the  earth  and  of  various  natural 
Bonrces  of  power,  such  as  water,  tidal,  and  wind  power.  It  is 
thus  seen  that  the  author  wisely  avoids  entering  the  highly  specu- 
lative field  afforded  to  the  fertile  imagination  by  the  recent  dis- 
coveries in  the  domain  of  molecular  physics.  The  maps  showing 
the  distribution  over  the  surface  of  the  earth  of  regions  of  intense 
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Rolar  ht.'at  accompanied  by  small  aDoual  rainfall,  of  luxuriant 
vegetation,  and  of  large  water  power  are  specially  instructive. 
The  volume  ends  with  "  References,"  "  Bibliography,"  and  a 
subject  index.  h.  b.  u. 

1  -1.  Effect  on  the  Propagation  of  Electric  Waves  of  the  Total 
Eclipie  of  the  Sun,  Slst  Auffitnl,  1914. — A  committee  of  the 
British  Association  for  the  Advancement  of  Science  has  recently 
issued  the  following  circular: 

"  The  forthcoming  total  eclipse  of  the  sun  affords  an  exceptional 
and  important  opportunity  of  adding  to  existing  knowledge  of 
the  propagation  of  electric  waves  through  air  in  sunlight  and 
in  darkness,  and  across  the  boundaries  of  illnminated  and 
unilluminated  regions.  The  eclipse  will  be  total  along  a  atrip 
extending  from  Greenland  across  N'orway,  Sweden,  Russia  and 
Persia  to  the  mouths  of  the  Indus.  In  Russia  the  duration  of 
totality  will  be  a  little  more  than  two  minutes. 

"There  are  two  main  points  calling  for  investigation  dnriDgtlie 
eclipse.  In  the  first  place,  the  propagation  of  signal -bearing 
waves  through  air  in  the  umbra  and  penumbra  will  probably 
obey  laws  different  as  regards  absorption  and  refraction  from 
those  obeyed  in  illuminated  air.  In  the  second  place,  the 
strength,  frequency  and  character  of  natural  electric  waves,  and 
of  atmospheric  discharges,  may  vary.  The  variations  may  occur 
either  because  the  propagation  of  natural  waves  from  distant 
sources  is  facilitated  or  impeded  by  the  eclipse,  or,  possibly, 
because  the  production  of  natural  electric  waves  or  atmospheric 
discharges  is  for  some  unknown  reason  affected  by  the  eclipse. 
These  points  have  previously  been  investigated  to  only  a  slight 
extent.  The  observers  of  signals  during  the  solar  eclipse  of  ITtb 
April,  1U12,  nearly  all  agreed  that  the  strength  of  the  signals 
was  greater  during  the  eclipse  than  an  hour  before  or  after. 
There  was  only  one  special  observation  of  strays  during  the  same 
eclipse,  when  very  pronounced  and  remarkable  variations  were 
recorded  during  the  passage  of  the  shadow-cone  across  Europe. 

"To  investigate  the  propagation  of  signals  across  the  umbra  it 
vill  be  necessary  to  arrange  for  wireless  telegraph  stations  on 
either  side  of  the  central  line  of  the  eclipse  to  transmit  signals 
at  intervals  while  the  umbra  passes  between  them.  This 
transit  of  the  umbra  occupies  about  two  minutes.  It  is  thus  very 
desirable  that  the  Scandinavian  and  Russian  stations  should 
transmit  frequently  throughout  several  times  before,  during,  and 
after  totality.  But  stations  other  than  those  favoured  by  their 
proximitv  to  the  central  line  should  endeavor  to  keep  a  complete 
record  o^  the  variations  of  signals  during  the  eclipse.  Stations 
in  Europe  west  of  the  central  line  and  stations  in  the  Mediter- 
ranean and  in  Asia  Minor  may  find  noticeable  changes  in  the 
strength  of  signals,  particularly  long  distance  signals,  between 
the  hours  of  10  a,  m.  and  3  p.  ii.,  Greenwich  time;  and  it  is 
probable  that  the  stations  of  India  and  East  Africa,  and  ships  in 
the  Indian  Ocean,  may  feel  the  effect  of  the  penumbra  in  the 
afternoon.     On  the  other  hand,  ships  in  the  Atlantic,  and  iixed 
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stations  in  Eastern  Canada  and  the  United  States,  vill  probably 
be  affected  by  the  penumbra  in  the  early  morning.  At  Montreal 
the  eclipse  (partial)  is  at  its  (greatest  phase  at  5.62  a.  if.  Standard 
time.  It  is  possible  that  the  eclipse  may  have  some  influence 
even  when  it  is  invisible. 

"The  investigation  of  strays  is  of  as  great  interest  as  that  of 
signals.  So  far  as  is  yet  known,  the  natural  electric  waves  reach- 
ing wireless  telegraph  stations  in  latitudes  higher  than  50°  appear  to 
travel  mostly  from  the  south.  Thus  the  greatest  changes  produced 
in  strays  by  the  eclipse  will  probsbly  be  experienced  at  stations 
in  Scandinavia  and  Russia,  to  reach  which  the  waves  must  cross 
the  path  of  the  nmbra.  At  the  same  time  changes  of  some  kind 
are  to  be  expected  in  other  districts  than  these,  and  it  is  therefore 
desirable  that  statistical  observations  of  natural  electric  wares  be 
made  all  over  the  world,  and  especially  at  places  within  an  earth 
quadrant  of  Southern  Kussia.  It  is  also  desirable  that  meteoro- 
logical observations,  including  those  of  atmospheric  ionization  and 
potential  gradient,  should  be  at  the  disposal  of  the  committee 
when  considering  the  records  of  strays  and  signals. 

"  The  committee  propose  to  prepare  and  circulate  special  forms 
for  the  collection  of  statistics  of  signals  and  strays,  especially 
within  the  hemisphere  likely  to  be  affected  by  the  eclipse  ;  they 
will  endeavour  to  make  provision  for  the  transmission  of  special 
signals  at  times  to  be  indicated  on  the  forms  ;  and  they  will  offer 
fur  the  consideration  of  the  authorities  controlling  stations  near 
the  central  tine  a  simple  programme  of  work.  The  discussion  of 
the  observations,  and  the  comparison  with  meteorological  data, 
will  be  carried  out  by  the  committee  ;  anddigestBof  the  statistics, 
together  with  the  conclusions  drawn  from  the  analysis,  will  be 
puhlisbed  in  due  course. 

"  The  committee  would  be  greatly  aided  in  the  organization  of 
this  investigation  if  those  possessing  the  necessary  facilities  and 
willing  to  make  observations  during  the  eclipse  would  com- 
municate with  the  Hon.  Secretary,  Dr.  W.  Eccles,  University 
College,  I»ndon,  W.  C,  at  the  earliest  possible  date." 


II.       (rEOrXXlY    AND   NATURAL    HiSTOBY, 

1,  Manual  of  i'etrographic  Methods,  by  A.  Johannsbn. 
Pp.  xxviii,  649,  8°,  figs.  764.  New  York,  1914  {McGraw 
Hill  Book  Co.).— This  work,  as  its  name  implies,  is  not  a  text- 
book for  beginners  in  petrology,  but  a  volume  of  reference  for 
workers  of  all  classes  in  the  subject.  It  is  in  some  ways  the  most 
complete  work  of  its  kind  that  has  yet  appeared,  containing  more 
methods  and  material  than  even  the  first  volume  of  the  last 
edition  of  Kosenbusch's  Pbysiographie.  Every  part  of  the  petrog- 
rapher's  laboratory  equipment,  excepting  of  course  that  required 
in  analytical  chemical  operations,  is  fully  described,  not  only 
from  the  practical  but  also  from  the  theoretical  standpoint.  Tlie 
treatment  of  crystals  both  on  the  crystallographic  and    optical 
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sides  is  unuHually  full.  Thus  we  find  chapters  on  the  stereo- 
graphic  projection,  on  general  optical  principles,  especially  wave 
motion,  on  me  properties  of  isotropic  media,  two  on  auisotropic 
media,  one  on  lenses,  four  on  microscopes,  one  on  the  use  and 
care  of  the  microscope,  three  on  methods  with  ordinary  light, 
especially  on  methods  of  determining  refractive  indices,  one  on 
microscopical  measurements  ;  then  follow  a  series  of  chapters  on 
observations  in  polarized  light,  with  discuasiona  of  the  phenom- 
ena produced  in  crystals,  and  of  the  implements  to  he  used  in 
stndying  and  determining  them.  Determinations  of  specifio 
gravity,  mechanical  separation  ofrock  constituents,  microchemical 
reactions,  and  the  preparation  of  thin  sections  are  each  fully 
treated  in  separate  chapters.  This  will  serve  to  give  a  general 
idea  of  the  ground  covered  in  the  volume.  There  is  scarcely  a 
phase  of  petrographic  work,  aside  from  chemical  analysis,  in  which 
all  methods  that  have  been  proposed  are  not  here  collected  and 
discnssed.  Especially  valuahle  is  the  very  full  bibliography  which 
will  enable  one  to  comtult  the  original  sources  from  which  the 
material  has  been  gathered.  The  book  is  well  written  and  the 
numerous  figures  helpful  ;  it  is  well  printed  and  bound,  and 
while  the  public  to  which  it  appeals  is  necessarily  small,  it  will 
without  doubt  be  greatly  valued  and  used  by  its  members.  We 
commend  it  as  a  vade  mecum  to  every  working  petrologist. 

i~  V.  p. 

2.  A  History  of  Land  JUammals  in  the  Western  Bemisphere; 
by  WitHAM  Bbbbthan  Scott.  Pp.  xiv,  693,  with  frontispiece 
and  304  text  figures.  New  York,  1913  (The  Macmillan  Com- 
pany).—Professor  Scott  has  produced  an  authoritative  account  of 
the  fossil  mammals  of  the  western  world,  presented  in  such  a 
manner  as  to  be  fully  intelligible  to  the  layman  and  a  source  of 
valuable  information  to  the  serious  student.  There  are  several 
introductory  chapters  on  geological  and  paleon  to  logical  methods, 
mammalian  classification,  and  on  the  structure  of  the  skeleton  and 
teeth,  a  knowledge  of  which  is  so  essential  to  the  paleontologist. 
The  succeeding  chapters  deal  with  the  life  histories  of  the  more 
important  mammalian  orders,  but  the  zoological  sequence  is 
reversed,  which  makes  the  book  slightly  confusing  to  the 
systematiat.  The  last  chapter  is  philosophical  in  tone,  and 
emphasizes  the  exceptional  difficulty  of  mammalian  evolutionary 
problems,  which  experimental  zoology  and  paleontology  by  com- 
bining their  resources  may  eventually  solve. 

The  book  is  admirably  illustrated  by  clear  anatomical  drawings 
and  numerous  restorations  by  Bruce  Horsfall  and  Charles  K. 
Knight,  all  prepared  under  the  careful  supervision  of  the  author. 

K.  s.  L. 

3.  Nomenclature  of  certain  Starjiahes ;  by  A.  E,  Veerill. 
(Communicated.) — Asterina.  In  my  Revision  of  this  family* 
(this  Journal,  vol.  xxxv,  pp.  +77-485,  1913),  the  specific  name 
minttta  was  used  for  a  dubious  West  Indian  species.     This  name 

*In  that  article  an  error  occurs  in  the  analytical  table  of  ^era,  p.  470. 
Above  line  4,  from  bottom,  insert ;  DD.  InleractiDal  plates  without  a  fan  of 
spines. 
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has  been  variously  misapplied  by  antbore  to  species  from  Earoiie, 
West  Indies,  and  East  Indies.  It  wan  apparently  first  used  under 
the  binomial  system  by  Linne  in  Fauna  Suecica,  p.  512,  1761.  lu 
that  place  no  locality  was  given,  except  "  Mari  Norvegico."  Its 
size  was  given  as  that  of  a  parsnip  seed  and  it  was  said  toW 
similar  to  Anurias  rubettt,  and  perhaps  the  young  of  that  specie:*. 

There  is  nothing  in  the  few  words  of  description  to  show  that 
it  is  not  the  young  of  Asteriaa  rubena,  or  some  similar  species, 
and  nothing  to  prove  that  it  is  the  young  of  Asteriita  gibbota, 
the  only  European  species  of  Asterina.  Certainly  the  name 
should  not  be  used  for  any  e.tottc  species,  although  Linne  him- 
self later,  in  Syst,  Nat.,  ed.  xii,  gave  the  West  Indies  as  a  locality. 
It  should  be  dropped  as  indeterminable. 
ANiiEBoroDA  LUNA  (Linn4)  =  Pitlmipei  rotaceiis  of  authors. 

Aitrriaa  (una  Linn..  Sjst.  Nat.,  ed.  i,  p.  Ml,  1758. 

Aflrritu  ronactn  Lsm,,   1815;  Palmipfi  or    Anatn^   ' 


The  brief  description  given  by  Linno  applies,  without  any 
reasonable  doubt,  lo  this  well  known  East  Indian  species.  I.intif 
gives  India  as  its  locality.  He  puts  it  in  a  section  destitute  of 
rays;  describes  it  as  suborbicular,  large,  compressed,  lunate,  and 
with  raised  points  above  and  below. 

AcantAiister  p/ffnci  (Llnne),  Syst.  Nat.,  ed.  x.  Appendix,  p.  8-21, 
1758  (as  Aaleriaif). 

Linne  here  quotes  a  good  figure  of  the  Indo-Pacific  species, 
from  Goa,  Asia,  in  Columna,  Phytobasatnue,  pi.  36,  fig.  A.  The 
Npecimen  figured  had  fifteen  rays.  It  is  the  species  usually  called 
A.  echinus  (Ellis)  or  A.  echinites  (Lam.).  The  name  given  by 
Liunu  must  be  adopted.  It  seems  to  have  been  generally  over- 
looked. A.  E.  VBBBILI.. 

4.  ITie  Birds  of  Connecticut,  B-iUettn  No.  20.  Connecticut 
Stale  Geotogicai  and  Natural  History  Sttrvey ;  by  John  H. 
Sage,  Louis  B.  Bisuoi*,  and  Walter  P.  Bliss.  Pp.  370.  Hart- 
ford, 1913. — The  gi'eater  part  of  this  Report  consists  of  a  cata- 
lo;^ue  of  all  the  birds,  together  with  abundant  records  of  the 
dates  of  arrival  and  departure,  nesting  habits,  and  particulars  of 
the  place  and  dates  of  occurrence  of  the  rarer  species.  Tlie 
isccond  part  (pp.  261-3tJ0)  is  devoted  to  Economic  Ornithology, 
especially  with  reference  to  the  food  of  the  birds,  and  their 
utility  as  destroyers  of  insects  and  weeds.  This  part  should 
appeal  to  all  interested  in  the  protection  of  our  birds.  The  first 
parts  show  a  great  amount  of  care  and  time  required  for  the 
accumulation  of  such  data,  during  many  years. 

Naturally  some  omissions  have  occurred,  and  some  additional 
records  might  have  been  added  that  would  have  been  of  use. 
Thus  we  notice  that  the  Wood  Ibis  is  omitt«d.  Although  rare, 
there  is  a  Connecticut  specimen  iu  the  Yale  Museum.  One 
interesting  late  occurrence  of  the  Passenger  Pigeon  may  be 
added.  It  was  shot  by  A.  H.  Verrill  on  Davis  Island,  off  Stony 
Creek,  in  the  summer  of  1889,  while  I  was  living  on  that  island. 
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Others  were  seen  the  name  eeagon,  on  the  adjacent  mainland,  in 
flocks  of  flickers.  This  is  the  last  specimen  known  to  have  been 
shot  near  New  Haven.  It  was  preserved.  On  pp.  71  and  73  it 
is  stated  that  the  Carolina  or  mourning  dove  is  not  known  to 
nest  on  the  ground,  but  A.  H.  V.  has  found  several  nests  on  the 
ground,  and  I  have  personally  found  one  thus  placed,  near  West- 
ville. 

The  double -crested  cormorant  is  more  common  than  indicated, 
for  they  are  very  frequently  seen  in  autumn,  every  year,  alighting 
on  the  spar-buoys  near  the  Thimble  Islands.  One  was  shot  at 
Short  Beach,  last  fall,  by  Thos.  E.  Bradley.  Leach's  petrel  is 
also  more  common  than  the  list  implies,  for  small  flocks  are  seen 
off  the  Thimble  Islands,  nearly  every  year.  A  number  of  laugh- 
ing gulls  were  seen  at  the  same  islands  in  191'i,  hy  the  writer 
and  others.  A  Bonaparte's  gull,  with  a  broken  wing,  was  taken 
alive  at  Outer  Island,  Oct.  23,  1913,  by  the  writer. 

The  small  white  heron  (white  form  of  the  little  blue  heron) 
seems  to  have  become  more  common  in  recent  years  than  indi- 
cated, for  several  have  been  taken  at  Pine  Orchard,  Durham,  etc. 
The  pine  warbler  is  probably  not  so  rare  as  indicated,  for  many 
have  been  seen  in  recent  years,  A.  H.  V.  informs  me  that  he 
and  Dr.  Bishop  took  a  nest  of  Henslow's  sparrow  in  Warren, 
June  8,  1900.  which  is  not  recorded,  though  one  of  the  earliest 
records  for  this  region. 

It  is  to  be  regretted  that  the  authors  have  not  discussed  the 
recent  very  alarming  decrease  in  the  numbers  of  many  of  our 
birds,  especially  the  ducks.  To  those  of  us  who  occupy  summer 
and  autumn  homes  on  the  islands  this  is  very  notable.  The  old 
nquaw,  which  appeared  in  large  flocks  of  hundreds  or  thousands, 
in  autumn,  ten  to  fifteen  years  ago,  has  almost  disappeared. 
During  the  last  two  years  very  few  flocks  were  seen  and  those 
seldom  contained  more  than  half  a  dozen  birds,  often  only  two 
or  three.  The  same  is  true  of  the  white-winged  scoter  or  coot, 
and  other  species,  only  in  a  somewhat  less  degree.  The  various 
shore  birds  have  also  notably  decreased,  as  well  as  many  of  the 
small  land  birds.  Possibly  the  extensive  use  of  arsenical  insecti- 
cides for  spraying  fruit  and  forest  trees  is  largely  responsible  for 
the  rapid  decrease  of  some  of  the  smaller  birds,  such  as  the  cat- 
bird, oriole,  robin,  etc.  a.  e.  v. 

5.  Letttra  and  Recollections  of  Alexanihr  Af/a^siz,  tcit/i  a 
Sketch  of  his  Lift  and  Work,  with  portraits  and  other  illustra- 
tions ;  by  G.  R.  AiiASSiz.  Pp.  454,  8vo.  Boston,  1813  (Hough- 
ton Mifflin  Co.). — This  work  is  of  very  unusual  interest,  for  it 
gives  a  frank  and  realistic  account  of  the  life  and  work  of  one  of 
the  ablest  and  most  remarkable  men  of  our  times,  and  one  of  the 
most  successful.  Mr.  Agassiz  was  eminent,  not  only  on  account 
of  his  extensive  and  unequalled  Hcientitic  expeditions,  and  bis 
nnmerons  publications  in  zoology  and  geology,  but  also  as  a  skill- 
ful engineer  and  business  man,  who  developed  the  great  Calumet 
and   Hecla  copper  mines  from  unpromising  beginnings  to  great 
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&nd  proBperons  properties.  Hib  work  at  the  mines  was  done  in 
the  early  years,  uoder  very  discouraging  conditions  and  with 
many  hardships. 

The  account  of  the  strenuous  life  of  Mr.  AgaasiE,  in  the  first 
years  of  the  development  of  the  mines,  reads  like  a  real  romance 
of  pioneer  life  under  adverse  conditiona  of  many  kinds,  and  is  of 
great  interest.  To  many,  the  accounta  of  his  home  life,  and  that 
of  his  distingaished  father,  Louis  Agassiz,  will  be  among  the 
mo6t  interesting  parts  of  the  book,  for  they  are  presented  in  an 
attractive  way,  that  could  be  done  only  by  a  sympathetic  mem- 
ber of  his  owu  family.  Excellent,  though  brief,  accounts  are 
given  of  the  numerous  scientific  expeditions  carried  out  by  Mr. 
Agassiz,  to  various  parts  of  the  world,  but  especially  for  deep- 
sea  dredging  and  for  the  study  of  the  principal  groups  of  coral 
islands  of  the  Pacific  and  Indian  Oceans,  and  the  West  Indies. 
These,  as  is  well  known  to  all  scientific  men,  resulted  in  vast 
additions  to  our  positive  scientific  knowledge  of  the  formation 
and  growth  of  such  islands,  as  well  as  to  their  zoology.  Fortu- 
nately Mr.  AgassJE  had  promptly  published  splendid  reports  on 
moat  of  his  explorations,  though  doubtless  much  remained  to  be 
done  at  the  time  of  his  death.  This  book  also  fittingly  gives 
some  adequate  ides  of  the  vast  contributions  made  by  Mr. 
Agassiz  to  the  now  great  Museum  of  Comparative  Zoology,  not 
onlv  in  money,  but  also  in  time  and  labor,  during  the  many  years 
while  he  was  Director  and  principal  donor.  In  fact,  it  was 
mainly  through  him  that  the  museum  grew,  in  a  few  years,  from 
comparatively  small  beginnings  to  one  of  the  largest  museums  of 
the  world.  Many  interesting  letters  to  scientific  friends,  and  to 
members  of  bis  family,  are  also  reproduced.  The  book  is  a 
worthy  tribute  to  a  truly  great  man.  a.  e.  v. 

Obituary. 

Dr.  Geokge  William  Hill,  the  eminent  astronomer,  died  on 
April  18  at  the  age  of  seventy-six  years.  He  was  graduated 
from  Rutgers  College  in  1869  and  two  years  later  took  up  work 
in  the  office  of  the  American  Ephemeris  and  Nautical  Almanac. 
From    1898-1901     he    was    lecturer  on    celestial    mechanics    at 

y  and  mathe- 
illeoted  mathe- 
matical works  was  issaed  ;  his  Theory  of  Jupiter  and  Saturn  was 
published  in  1800.  He  was  a  member  of  many  scientific  aocieties 
and  received  several  honorary  degrees  including  that  of  Sc.D. 
from  Cambridge,  England,  in  1892. 

Professor  George  M.  Mincuin,  since  1875  of  the  chair  of 
mathematics  in  the  Royal  Indian  Engineering  College,  Coopers 
Hill,  died  on  March  16  at  the  age  of  sixty-eight  years. 

Dr.  JoHS  Hbukt  Potntino,  professor  of-  physics  at  the  Uni- 
versity of  Birmingham,  died  on  March  31  in  his  sixty-second 
year. 

Dr.  Antomino  Salinas,  professor  6f  archeology  at  the  Univer- 
sity of  Palermo,  died  on  March  7  at  the  age  of  aeventy-three  years. 


Columbia  University.     His  publications  in  astrouomy  a 
matics  were  numerous,  and  in  1005  a  volume  of  colleoi 


DcillizedoyGOOJ^IC 


AMERICAN  JOURNAL  OF  SCIENCE 

[FOURTH    SERIES.] 


Abt.  XL.— rA<  Binary  System  MffO-SiO, ;  by  N.  L.  Bowkit 
asd  Olaf  K'subbbks, 

Intboddction. 

Ik  the  course  of  work  on  two  eapposed  binary  Bygtems  of 
which  MgSiO,  was  one  component,  the  writers  have  foand 
that  MgSiO,  is  nnstable  at  its  melting  point  and  can  itself  be 
treated  only  as  part  of  a  binary  system  and  not  as  a  separate 
component.  The  supposed  binary  systems  mentioned  ninst 
therefore  be  treated  as  ternary  systems  and  before  proceed- 
ing to  the  study  of  oar  separate  ternary  systems  we  have 
worked  ont  jointly  the  binary  system  MgO-SiO,  which  le 
common  to  both. 

In  compositions  towards  the  magnesia  end  the  temperatnrea 
are  beyond  the  range  of  accnrate  determination  and  towards 
the  silica  end  viscosity  is  so  fci'eat  as  to  preclnde  great 
accaracy,  so  that  only  approximate  restilts  are  possible,  bnt  in 
the  intermediate  miztnres  the  determination  of  compounds  and 
the  fixing  of  the  invariant  points  have  bee;i  accomplished  with 
precUion. 

Tub  Mrthod  of  Worsing. 

The  mixtnres  ased  were  made  np  from  selected  quartz, 
irronnd  and  treated  with  HCl,  and  magnesia  obtained  by  ignit- 
ing the  precipitated  carbonate  to  constant  weight. 

In  stndying  equilibrium  in  the  system  we  have  depended 
almost  entirely  on  qnenching  experiments.  The  method 
has  frequently  been  described  in  publications*  from  this 
laboratory,  tt  consists  in  holding  a  small  charge  of  a  mixture 
of  known  composition  at  a  measured  temperature,  in  a  platinnm 
resistance  furnace,  until  equilibrium  is  attained,  then  cooling 
*«.  g.,  Sbepberd  ft  lUnUn,  this  Jonmal  (4),  ixviii,  808,  1909. 
Ah.  Joua.  Soi.— Fourth  Sehob,  Tol.  XXXTII,  No.  833.— Jntn,  1014. 
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inBtantaneoaely  to  room  temperfttare  hy  allowinf^  the  ch&rge 
to  fall  into  a  dish  of  mercury,  and  esamining  the  charge  under 
the  microBCOpe  to  determiae  the  phases  present.  In  this  man- 
ner the  phases  present  at  all  attainable-  temperatures,  in  all 
com  positions,  can  be  definitely  tixed.  The  thermoelement  of 
Pt-Pt :  Rh,  used  to  measure  the  temperature,  is  frequently 
calibrated  by  qnenching  charges  of  pure,  artificial  minerals  of 
known  meltmg  point,  usually  diopside  and  anorthite.  As  will 
appear  from  an  examination  of  the  tabulated  results,  the  actual 
procedure  with  any  given  mixture  is  to  locate  by  quenching, 

'lion 


oetween  as  narrow  limits  as  possible,  the  temperature  at  which 
a  phase  appears  or  disappears. 

To  reach  some    of  the  higher    temperatures   an  iridium 
fnmace  was  used  and  the  temperatures  were  measured  optically. 


The   completed   results  are  now  presented  in  tabular  and 
diagrammatic  form  before  proceeding  to  their  diBcossion. 


(b)    Liqaid-aa  of  Fonterite. 


Compoaitlon  Temperm- 

OxidM  Compoonda  tore      Tine 


1  hr.     glaM  mud  minute  amount 
fonwritfl 


(b)    Ttmpemturt  of  Invariant  Paint,  FOr*ltriU- 
Olino-malatiU-Liqwid, 
I  UgiSlO.    680 )      1555*      1  hr.    clino-easlatit*  and  for- 
i  ]■  Bterite 

(HgStO.     41-5)      1659°       1  hr.     g\ue  mad  tontenU 
(HgiSiO.    lt-7)      1565'      Ihr.    olino-enitatita  uid  for- 
i  y  Btsrite 

(  HftSfO.     88-3  )     1069°      1  hr.    foraterite  and  g]a» 
HgSiOi  100  1650*      1  hr.    olino-enatatit* 

1538*      1  hr.     glass  and  fonterito 
T«mp«ratDr«  =  1067°  ±  2' 
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CompoMtion  Tempera- 

Otide*              CompoDDdB  tare        Time                      Bean  It 

rSiOi     4  MgSiOi     B7-0  >  155H'      1  hr.  glw  only 

ai        )  SiO,           2-5 1  lose'      l  br.  gUM  «nd  cUno-eiuUtite 

MK    K\H     JMBSiO,     96     )      1660'       1  hr.     glaMoolv 

«» a    w  i>     ^  gj^^  2     ^     j5gg.      J  j,^     gi,^  ^^^  foreterite 

Compodtion  =  HgSiO.  ^Vhi,  SiO.  SH 


J  \                                    b«Ilt« 

84        U         ( SiOi  10     )  1H5*       3  hn.   Cliao-eiutatite  and  glu 

(  HfcSiOi  87-5  )  1542'      2  hn.   Cliao^nsUtite  and  erut 

.  8fi       eS        '^  \                                baliUi 

(SiO,  12-5 1  1544'      3hn.   glam  oolj 

(MgSiO.  75     1  1540'      2Iin.   Clino-enrtatite  and  erut 

80       TO         '^  \                                    b«lit« 

(SiO.  25     )  1545*      2  hn.  glau  and  criatobalit* 


88-8    « 


(a)    Liquid  of  CIlHO-nutalile. 
I  HeSiO.     »7     i     1537*      1  hr.     glan  onlv 
]SiO,  8     f     15SS°      Ihr.    glMsandolisO'^aUtiM 

j  U^tOt     00     )     1554*      2  hn.  glan  onlr 
j  StOi  ID     f      15S0*      3  hn.  glau  and  oUno-eiutatite 


Oxidea  Compoonda  Tempsratme 

HgO  SiO,  )Ig,SJO,  lOOK  melting  point  18M)'  ±  20' 

67-3  42-8 

"  **  I  h|o '*^'  14    [  wtoo«o  nMlting  1850*  ±  20' 

Sdmhiat  or  Imtahuht  Poimfl.* 

Solid  Phawe  Liqnid  PhaM  Temperatara 

PeriolaM  (UgO)  HgO       100   %  2800°  (Eanolt) 

jFariolaM  (HgO)       )  (   <14«HgO  )  IMO*  ±  30' 

1  Ponlarite         <Hg,SIO,)  f  i  >  8«  Mg.SiO.)     f  "^   *  ■*" 

Foratarito         (Ug,SiO«)  Ug.SiO,  100   %  1800*  ±  20° 

( Fonterite         {Hg,SiO.)  i  j     MgSlO,    »75)( )  ,„-,  .  „. 

1  CUn<Knatatlt« (MgSiO.)   f  }     SiO,  2HS 

(  Clino-enBtatite  (UgSlO.)    )  I      MgSlO.     8T-5<  >  tuq*   .  «• 

jCriitobalite      (SiO,)        (  \     StO,         \2-5%S 

Orirtobalita       (SiO,)  SiO,        100    %  1635*  (Fenn»r) 

*  Tb«M  p<nnts  are,  of  ooane,  inTariant  onlj  wh«n  th«  ajratam  ia  ooniidand 
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DiscuaeiOK  of  Rksults. 

Magnteia. — We  have  found  magneeia  in  only  one  {urtn,  as 
isotropic  erjBtala  correeponding  with  the  mineral  perielase. 
When  it  occurs  embedded  in  glass,  it  is  always  in  rounded 
grains  with  crystal  outline  at  best  only  suggested.  We  have 
not  tried  to  determine  its  melting  point.  Kanolt  places  it  at 
2800°  C.;*  Ruff,  above  2500°.t 

Silica. — Silica  occurs  in  contact  with  liquid  in  magnesia- 
ailica  mixtures  only  as  cristobalite.  The  inversion  temperature 
cristobalite-tridymite,  1470°4  li^  below  the  range  of  tempera- 
tures at  which  any  of  our  mixtures  are  liquid.  We  have  taken 
Fenner's  value  1625*^  as  the  melting  point  of  cristobalite. 

Compounds. — There  are  two  binary  compounds,  the  ortho- 
silicate,  Mg,8iO„  and  the  metasilicate,  MgSiO,.  We  have  not 
found  any  compounds,  corresponding  with  the  lime-silica  com- 
pounds, ^kermanite  and  tricalciiim  silicate,  or  traces  of  any  phase 
other  than  the  metasilicate,  the  orthosilicate  and  the  end  com- 
ponents, occurring  in  contact  with  liquid  in  the  binary  system. 

Mg,SiO,. — Magnesium  orthosilicate  occurs  in  orthorhombic 
crystals  corresponding  with  the  natural  mineral  forsterite. 
The  melting  point  of  forsterite  was  determined  in  an  iridium 
fnrnace,  the  temperature  beir^  measured  by  means  of  an  optical 
pyrometer  of  the  Holbom-Kurlbaum  type.  The  pyrometer 
waa  calibrated  for  the  known  points  :  2050°,  melting-point  of 
AIO,  ;§  1755°,  melting-point  of  platinum  ;  1557°,  dissociation 
(with  melting)  of  MgSiO,.  The  lamp-filament  waa  matched 
against  a  piece  of  thin  iridium  foil  lying  on  the  surface  of  the 
charge  of  the  powdered  mineral  contained  in  an  iridium  boat. 
On  the  occurrence  of  melting,  movement  of  the  foil  is 
observed.  By  this  method  the  melting-point  of  forsterite  waa 
found  to  be  1890°.  The  error  of  a  measurement  made  in  this 
manner  may  be  as  much  as  20°  or  25°,  an  accuracy  very  much 
less  than  that  attained  for  points  lying  within  the  temperature 
range  of  the  platinum  furnace  and  Pt-Ft  :  Kh  thermoelement 
(±2°),    We  have  therefore  distinguished  on  the  diagram  the     ' 

Kints  determined  by  these  two  methods,  indicating  the  latter 
small  circles  and  the  former  by  larger  circles. 
MgSiO^. — Magnesium  metasilicate  has  no  true  melting  point, 
i.  e.,  there  is  no  temperature  at  which  the  solid  MgSiO,  is  in 
equilibrium  with  liqnid  of  its  own  composition.     ITie  thermo- 
element records  a  strong  absorption  of  heat  at  1557°  and  this 
temperature  has  heretofore  been  considered  the  melting  point, 
but  quenching  has  shown  that  1557°  is  the  temperature  of  dis- 
sociation of  MgSiO,  into  forsterite  and  liquid  in  the  propor- 
■RbdoU.  C.  W.,  Bureaa  of  Staodardi,  Reprint  No.  2\%,  19,  1918. 
tRaS,  O.,  Za.  anorg.  Chem.,  liiiii.  p.  373,  19lS. 

^F«DDer,  C.  N.,  The  StabiHtj  Relations  of  the  Silica  Uinerala,  this  Joamal 
(4).  iiivi,  987, 1913. 

gEanolt,  C.  W.,  Bureau  of  Standardi,  Reprint  No.  212,  19,  1913.    _, 
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tionp,  forsterite  5'5  per  cent,  liquid  9i*5  per  cent.  The 
temperatare  mast  tbeo  be  raised  to  1577°  before  the  solation 
of  forsterite  ia  complete  and  tlie  whole  becomes  liquid. 

MofEDesiam  metasilicate  was  studied  formerly  at  this  labora- 
tory and  four  forme  described,  the  stable  monocHnic  pyroiene 
clino-enBtatite,  and  three  monotropic  forms  described  as  ortho- 
rhombic  pyroxene,  orthorhombic  and  monoclinic  amphibole.* 
Later  another  orthorhombic  form  termed  o-MgSiO,  was  added 
and  described  as  enantiotropic  with  clino-enstatite  (^S-MgSiO,), 
the  latter  being  the  low  temperatnre  form  and  the  inversion 
point  abont  1365°.t  The  present  work  does  not  add  an;  new 
information  concernine  the  monotropic  forms  mentioaed,  bat, 
concerning  the  material  called  a-MgSiO,  a  revision  of  the 
former  statements  is  necessary  in  the  light  of  the  completed 
results  of  the  binary  system. 

If  a  mixture  of  composition  MgSiO,  is  cooled  from  the 
liquid  condition,  forsterite  first  separates  ont  and  with  farther 
cooline  the  remaining  liquid  crystallizes  to  a  mixture  of  silica 
and  MgSiO,.  The  product  then  consists  of  clear,  stronglj- 
birefringent  grains  ot  forsterite  embedded  in  a  dnsty  matrix  of 
indefinite  properties,  the  dusty  appearance  being  caused  by  the 
tiny  specks  oi  silica  of  very  low  refraction  dotted  through  the 
MgSiO^  It  was  these  clear,  strongly-birefringent  grams  of 
forsterite  which  were  described  as  a-MgSiO,  and  were  con- 
sidered to  be  the  prodnct  of  inversion  of  clino-enstatite  at  a 
high  temperature.  They  were  really  the  prodnct  of  dissocia- 
tion of  clino-enstatite  at  a  high  temperature  and  were  not,  as 
we  have  pointed  out.  a  form  of  the  metasilicate,  but  were  the 
orthosilicate,  forsterite. 

The  measured  crystals  described  as  «-MgSiO,j:  and  showing 
the  forms  (010>,  (110)  and  (Oil),  referred  to  the  axes  a:i:c  = 
1'19  : 1 :  0*47  snonld  have  been  termed  forsterite.  A  rotation  of 
the  crystals  through  90°  on  the  b  axis  will  give  tbs  forms  (010), 

(031)  and  (1 10)  referred  to  .the  axes  a:b:c=  0-47  :  1 :  ^*- 

These  latter  ratios  are  those  of  forsterite,  within  the  errors  of 
measurement,  and  the  forms  are  common  in  that  mineral. § 
The  form  (010)  is  more  prominent  tlian  is  nsnally  the  case  in 
larger  crystals,  but  there  is  a  well-recognized  tendency  in  small 
and  quickly  formed  crystals  toward  special  development 
parallel  to  the  plane  of  the  best  cleavage  and  we  have  observed 
this  tendency  in  crystals  of  artificial  forsterite. 

'Allan,  Wright  and  Clement,  Minerals  of  the CompodtioD  UgSiOi,  Utii 
Journal  (4).  izii.  386,  1006. 

f  Allen,  White.  Wright  end  Lereen,  Diopeide  and  its  Belatione  to  Caloinn 
and  Magnesinm  Hetasilicates.  this  Journal  (4),  ixvii,  1,  1909. 

t  Allen,  White,  Wright  and  Laraen,  this  Journal  (4).  iiiii   81,  1909. 

^  See  artiflcial  crystals  of  fonterit«,  Alteci,  Wright  and  Clement,  this 
Jonmal  (4),  xiii,  391,  1906. 
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The  cleavaee  noted  an  parallel  to  (100)  becomes,  on  rotation 
of  tbc  crystal,  parallel  to  (001),  which  in  natural  forsteritea, 
antike  other  ohvines,  is  the  second  best  cleavaj^.*  To  this 
cleavage  (//OOl)  the  plane  of  the  optic  axes  is  parallel  in  the 
measnred  crystals,  and  nere  again  there  is  correspondence  with 
forsterite.  In  cryetallographic  properties,  inclnding  the  axial 
ratios  tbemselveg,  in  refractiye  indices,  and  in  the  relation 
between  the  position  of  the  optical  ellipsoid  and  crystallo- 
graphic  directions,  the  crystals  called  a-MgSiO,  correspond 
with  forsterite.  The  only  supposed  difference  remaining  is  in 
tbe  measnred  yalue  of  the  optic  axial  angle.  In  yiew  of  the 
possible  disturbance  dae  to  a  slight  strain  in  the  crystals  this 
minor  difference  noted  in  tbe  former  measurements  cannot 
be  regarded  as  establishing  a  species,  in  the  face  of  the  identity 
of  the  more  distinctiye  properties  with  those  of  forsterite  and 
of  the  proof  bv  means  of  quenching  that  material  so  obtained 
ninst  contain  forsterite. 

In  tbe  table  below,  the  degree  of  correspondence  is  shown 
between  the  constants  given  for  the  crystals  which  were 
called  a-MgS)0„  after  rotation  throagh  90  on  the  b  axis,  and 
the  yalues  noted  for  artitlcial  crystals  of  forsterite  in  an  earlier 
publication  from  this  laboratory,  already  referred  to. 

It  was  a  ditlicult  matter  to  identify  the  clear  grains  in  the 
dusty  material  as  originally  prepared,  but,  by  queQching, 
identical  material  can  t>e  prepared  in  two  steps  which  make 


Tamj  II. 

Crystal  arstem 
Axial  ratios 
Forms  obseryed 

Forsterite 

orthorbombic 

0-«a  :  1  :  0-584 

010,021,  no  and  Others 

"a-MgSiO." 
orthorfaombio 
0-47  :   1    :  OSS 
010,031,  110 

Cleavages 

//OlO 

not  noted  (crysUlfi 
tabular //OlO) 

Axial  plane 
Refractiye  indices 

//OOl 
//OOl 
a  =  1-64I>  ±  -008 
y=  1-668  ±  -008 

//OOl 

//OOl 

a  =   1-641   ±  -003 

yss  1-663  ±  -003 

Optic  axial  angle 

the  relations  clear.  A  mixture  of  composition  MgSiO,  may  be 
held  at  the  temperatnre  1560°,  a  little  above  the  dissociation 
point,  and  then  quenched.  The  product  consists  of  clear  grains 
embedded  in  glass  and  the  properties  of  these  grains  are 
definitely  those  of  forsterite.  Moreover,  corresponding  with 
*  It  sppoini  that  in  Brtiflcial  foraterite  oleavfige  after  (001)  maj  sometimes 
be  as  good  BB  alter  (010),  for  Wrigbt  ttotea  "  olekvage  perfect  after  (001)  and 
(010)"  for  crjatala  of  forsterite  made  in  a  flu. 
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the  deficiency  of  silica  Iq  the  forsterite  there  is  an  ezcesa  silica 
(above  the  compoeition  MgSiO,)  in  the  glass  as  rerealed  bj  the 
fact  that  the  refractive  index  of  the  glass,  1'675,  is  definitely 
lower  than  that  of  MgSiO,  glass,  1'580,  If  this  material  is  re- 
tnrned  to  the  farnace  at  a  lower  temperature  and  crystallized, 
the  product  coneiets  of  clear  forsterite  grains  surrounded  by  dusty 
material  (MgSiO,  and  silica),  the  whole  precisely  the  same  as  the 
material  obtained  in  one  step  by  cooling  from  the  liqnid  state. 
On  the  other  hand,  a  clear,  forsterite- free,  MgSiO,  glass,  which 
can  be  obtained  only  by  quencliing  from  a  temperature  above 
1577°,  may  be  crystellized  at  any  temperatnre  between  1200° 
and  1557°  and  the  product  is  only  clean  clino^nstatite,  with- 
out the  strongly-bi refracting  forsterite  grains  which  were 
called  a-MgSiO,  and  without  the  duaty  appearance  (silica). 
This  clino-enstatite  may  be  held  for  an  indefinite  period  at  any 
temperature  up  to  1557°  without  showing  any  tendency  to 
invert  to  another  form. 

It  should  be  noted,  moreover,  that  this  method  of  holding 
the  mixture  MgSiO,  above  1577°,  then  qnenching  and  crystal- 
lizing the  glaaa  below  1557°,  is  the  only  dspendaiU  msihod  of 
obtaining  pure  clinu-enstatite  free  from  forsterite  and  silica, 
though  oceagwnaUy  the  melt  can  be  cooled  quickly  enough  in 
the  furnace,  through  the  range  1577°-1557°,  to  avoid  the  crys- 
tallisation of  forsterite.  The  occasional  non-appearance  of  tbe 
material  called  a-MgSiO,  in  the  earlier  work  is  due  to  this 
latter  fact. 

In  summary,  then,  it  may  be  stated  that  there  is  no  enantio- 
tropic  inversion  of  clino-enetatite  into  a-MgSiO,.  The  sub- 
stance which  was  called  a-MgSiO,  is  the  product,  not  of  inver- 
sion of  clino-enstatite,  but  of  dissociation  of  clino-enstatite  and 
is  the  mineral  forsterite,  Mg.fiiO,. 

Since  we  are  dealing  with  equilibrium,  the  form  clino- 
enstatite  is  the  only  form  of  MgotO,  which  appears  on  onr 
diagram.  It  always  occurs  in  the  characteristically  twinned 
form  described  in  former  publications  and  in  the  optical  part 
of  this  paper. 

The  Evtectio,  Periclaae-Forsterite. — The  melting  tempera- 
tures of  all  mixtures  of  MgO  and  Mg,8iO,  are  Iwyond  the 
range  of  the  platinum  resistance  furnace  used  for  most  of  the 
work,  but  we  studied  one  mixture  between  these  two  in  order 
to  decide  the  presence  or  absence  of  a  eutectic  point.  Silica 
and  magnesia  were  mixed  in  the  proportion  to  give  Mg,SiO, 
86  per  cent,  MgO  14  per  cent,  ana  ground  together  and  the 
material  heated  for  half  an  hour  at  about  1600°.  Grinding 
and  heating  were  repeated  and  then  the  material  was  examined. 
It  proved  to  be  clearly  a  tine-grained  mixture  of  forsterite  and 

Eeriolase  and  gave  no  trace  of  any  compound  intermediate 
etween  these  two.     A  small  charge  of  this  mixture  was  then 
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carefully  liested  on  a  sma]!  piece  of  platinum  foil  in  the  oxy- 
hydrogen  flame.  Tlie  mixture  melted  about  the  eame  time  ae 
the  platinam  and  ae  the  edge  of  foil  melted  away,  the  liquid 
silicate  ran  back  upon  the  still  unmclted  portion  and  was 
thereby  saved  for  examination.  The  lai'ger  of  the  liquid 
globules  recrystallized  on  removal  from  the  flame  to  a  mixture 
of  forsterite  and  periclase,  both  well  crystallized.  Some  of  the 
mure  quickly  cooled  material,  however,  consisted  of  periclase 
and  glass,,  indicating  that  the  composition  dealt  with  lies  on  the 
magnesia  side  of  the  eutectic. 

The  behaviour  of  this  mixture  was  then  examined  in  the 
iridium  furnace,  after  the  manner  of  the  determination  of  the 
melting-point  of  forsterite.  The  mixture  became  liquid  at 
1850°,  40°  below  the  melting  point  of  forsterite.  The  diagram 
has  been  drawn  in  accordance  with  these  results,  showing  a 
entectic  between  forsterite  and  periclase  at  1850°  and  with  the 
composition  close  to  forsterite  (less  than  14  per  cent  MgO). 
The  determinatioD  of  the  composition  of  the  eutectic  is,  of 
course,  the  roughest  approximation. 

TAe  Liquidua  between  Mg,SiO,  and  MgSiO,. — Points  on 
the  Hquidus  between  Mg,SiO,  and.MgSiO,  were  determined 
up  to  a  temperature  of  1626°  by  means  of  the  thermoelement. 
Table  I  (a).  Above  this  temperature  no  points  were  deter- 
minable except  the  melting  point  of  forsterite  itself  (1890°). 

The  Invariant  Point,  Foraterite-Clino-enatatiteZiquid. — 
Between  forsterite  and  clino-enstatite  there  is  no  eutectic,  for  the 
reason  that  clino-enatatite  itself  is  unstable  at  its  melting  point, 
breaking  up  into  forsterite  and  liquid.  The  composition  of 
the  liquid  capable  of  existing  in  contact  with  both  clino- 
enstatite  and  forsterite  (D)  was  fixed  in  the  following  manner: 
Its  composition  was  first  approximately  determined  by  holding 
a  charge  of  MgSiO,  at  1560°,  a  little  above  the  dissociation 
point,  and  quenching.  The  product  consists  of  forsterite 
crystals  and  glass  and  the  refractive  index  of  the  glass 
was  determined.  The  refractive  index  of  pure  MgSiO, 
glass  is  1-580,  that  of  the  glass  in  the  quenched  product  as 
obtained  above  was  1-575  ±  -OOl.  From  tlie  indices  of  refrac- 
tion of  glasses  of  mixtures  of  MgSiO,  aud  SiO,  in  known 
proportions  the  composition  of  this  glass  was  found  to  corre- 
spond approximately  with  MgSiO,  97  percent,  SiO,  3  per  cent. 
Mixtures  of  various  compositions  close  to  this  were  then  made 
up  and  the  first  crystal  separating  from  them  (primary  phase) 
determined  by  quenching.  In  tliis  manner  it  was  found  that 
in  3  per  cent  SiO,  the  primary  phase  was  clino-enstatite,  in 
2'5  per  cent  SiO,  clino-enstatite,  and  in  2  per  cent  SiO, 
forsterite,  Tims  the  composition  of  the  point  D  (fig.  1)  was 
determined  at  2'5  per  cent  SiO,, 

All  mixtures  of  compositions  lying  between  Mg,SiO,  and  the 
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point  D  should  break  np  when  the  temperatore  ib  raised  to  1557° 
into  a  liquid  of  composition  D  and  foreterite.  We  have  con- 
firmed this  behaviour  in  several  of  these  mixtnres  (see  Table 
1  (bl). 

The  Crystallisation  of  Miaeturet  <^ Mg^iOt  and  MgSiO^— 
The  cryetallizfttion  of  mixtnrea  lying  between  Mg,SiO,  and 
MpSiO,  takes  place,  when  perfect  eqnilibrinm  obtains,  in  the 
following  manner :  Foreterite  crystallizes  oot  first  and  increaaee 
in  amonnt  antil  the  temperature  1557°  is  reached.  At  this 
temperature  the  liquid  has  the  composition  D  and  clino-enstat- 
ite  begins  to  crystallize  out,  foreterite  to  rediseolve,  this  process 
continuing  nntil  all  the  liquid  is  used  up  and  the  whole  consists 
of  foreterite  and  clino-enstatite.  In  pare  MgSiO,  the  early  sep- 
aration of  forsterite  takes  place  in  the  same  way,  but  at  the  reac- 
tion temperatnre  (1557°)  tne  last  of  the  liqnid  and  the  last  of  the 
forsterite  are  used  up  at  the  same  instant  and  the  whole  consists 
of  clino-enstatite.  In  compoeitions  between  MgSiO,  and  the 
point  D,  forsterite  separates  firat  as  before,  at  the  reaction  point 
it  is  completely  resorbed,  leaving  clino-enstatite  and  sonae  liqnid. 
With  further  lowering  of  temperatnre  clino-enstatite  continncs 
to  separate  until,  at  1643°,  when  the  liquid  has  the  composition 
E,  cristobalite  separates  also  and  the  whole  crystallizes  at  this 
temperature,  givmg  a  mixture  of  clino-enstatite  and  cristobalite. 

Such  is  the  behaviour  of  these  mixtnres  when  complete  eqni- 
librinm ie  attained.  We  have  already  seen,  however,  that  with 
quick  cooling,  equilibrium  is  not  attained  and  a  preparation  of 
composition  MgSiO,  will  then  crystallize  to  a  mixture  of  clino- 
enstatite,  silica,  and  foreterite.  The  same  fact  is  trne  of  all 
mixtures  lying  between  Mg,SiOj  and  D,  the  reason  being  that 
with  quick  cooling  the  liquid  of  composition  D,  insteEid  of 
reacting  with  (redissolving)  forsterite  at  1557°,  simply  crystal- 
lizes, as  the  temperature  falls  quickly  below  this  point,  to  a 
mixture  of  HgSiO,  and  silica.  Such  mixtures  containing  both 
forsterite  and  silica  are  unstable  but  will  pereist  indefinitely. 

TheEuteclic,  Criatobalite-Clino-enatatite, — Theentectie  point 
between  cristobalite  and  clino-enstatite  was  located  by  quench- 
ing charges  of  various  compositions  to  determine  the  primary 
phase.  The  composition  MgSiO,  90  per  cent,  SiO,  10  per  cent 
shows  clino-enstatite  as  the  primary  phase.  The  composition 
MgSiO,  87'5  per  cent,  SiO,  12'5  per  cent  is  completely  crystal- 
line at  1542°  and  completely  liquid  at  1544°  ana  therefore  cor- 
responds sensibly  with  the  eutectic  composition.  Cristobalite 
is  the  primary  phase  in  mixtures  richer  in  SiO,  (see  Table  I 
(d)).  The  eutectic  melting  was  observed  at  the  same  tempera- 
ture (1543°)  in  mixtures  on  both  sides  of  the  eutectic 

In  the  mixtures  on  the  silica  side  we  were  not  able  to  detei^ 
mine  the  liqntdus  with  great  assurance  on  account  of  the  high 
viscosity  of  Hie  mixtures.     There  are,  however,  indications  t&t 


DcillizedoyGOO^^IC 


Bowen  and  Anderien — Binary  System  MgO-SiO^.    497 

the  liqnidos  is  very  Bteep  close  to  the  euteetic.  It  would  then 
be  very  flat  close  to  silica,  if  1625°  is  the  melting  point  of  cris- 
tobalite. 

Previotts  Work  on  the  St/stem  Mg^iO,-MgSiO,. — A  recent 
paper  by  Deleano  presents  the  reenlte  of  an  investigation  of  tlie 
system  Mg,8iO,-MgSiO,.*  Beleano  f  onnd  that  all  the  composi- 
tions close  to  MgSiO,  soften  at  the  same  temperatnre  (within 
the  error  of  measurement).  These  results  are  in  accord  with 
our  determination  that  there  is  no  euteetic  between  MgSiO,  aud 
Mg,SiO,  but  a  dissociation-temperature  at  wliich  all  composi- 
tions between  D  and  forsterite  (fig.  1)  break  np  into  liquid 
and  forsterite,  thongh  Deleano  presents  a  diagram  showing  a 
euteetic. 

Deleano  concludes,  on  the  basis  of  finding  periclase  in  a  melt 
of  forsterite  composition,  that  forsterite  is  unstable  at  the  melt- 
ing-point. It  is  to  be  noted  that  the  mixtures  used  were  made 
Dp  by  mixing  silica  and  a  calculated  weight  of  MgC0,.3H,0. 
This  latter  compound  is  very  difficult  to  obtain  free  from  basic 
carbonate,  the  presence  of  which  would  result  in  an  excess  of 
magnesia  in  the  product. 

We  made  the  forsterite  mixture,  as  we  did  onr  other  mix- 
tures, by  mixing  silica  and  magnesia  in  calculated  proportions, 
the  magnesia  being  obtained  by  igniting  the  precipitated  car- 
bonate to  constant  weight  When  the  mixture  is  so  made  and 
when  perfect  mixing  is  accomplished  by  repeated  grinding  and 
heating,  the  product  may  tnen  be  melted  and  crystallized 
repeatedly  and  the  crystalline  product  is  always  pure  forsterite 
without  a  trace  of  periclase. 

Optical  Study. 

The  product  of  each  quenching  experiment  was  examined  in 
powder  form  under  the  microscope  and  the  optical  properties 
of  the  various  phases  determined.  In  this  manner,  not  only 
the  nature  of  the  crystalline  phases  is  noted,  but,  at  times,  the 
composition  of  the  liquid  phase  may  he  obtained  by  determin- 
ing the  refractive  index  or  the  glass.  The  varions  optical  con- 
stants were  measured  on  suitable  material  and  are  recorded 
below. 

Fericlaae. — Periclase  was  the  only  form  of  MgO  noted.  It 
occurs  in  the  preparations,  when  embedded  in  glass,  as  rounded 
gi-ains  of  isotropic  character  and  index  1*73.  We  have  also 
examined  periclase  made  by  the  Norton  Company  by  fusing 
magnesite.  It  is  in  coarse  granular  lumps  showing  the  excel- 
lent cubic  cleavage  and  the  optical  properties  of  periclase.  The 
hardness  of  this  material  is  about  equal  to  tliat  of  apatite  (5) 
and  distinctly  leas  than  that  of  ortbociaee  (6), 
*Zi.  anorg.  Chem.,  Iiiziv,  423,  11)14. 
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Cnatobalite. — Silica  ocoura  in  our  melta  only  as  crietobalite. 
As  viewed  under  the  microscope  at  room  teinperature  the  cr^'6- 
'  tals  are  birefringent,  a-foriif,  out  have  the  crystal  form  of  the 
isutropic  /d-form  in  which  they  crystallized  at  the  temperature 
of  the  furniice.  When  embedded  in  glass  the  crystals  are  some- 
times sharply  outlined  octahedra,  modified  by  the  cnbe,  but 
usually  the  cube  is  the  more  prominent  form  and  the  crystals 
are,  by  distortioQ,  stout  prisms  due  to  slight  elongation  parallel 
to  one  of  the  cubic  axes.  The  birefringence  is  barely  discern- 
ible with  the  aid  of  the  sensitive-tint  plate,  this  apparently  low 
value  being  probably  due  to  the  mutual  compensatioa  of  a 
number  of  twinning  lamellBB.  Occasionally  polysynthetic  twin- 
ning was  observed.  The  mean  refractive  index,  1'485  ±  001, 
agrees  with  the  values  found  by  Fenner.* 

ForsUriie. — We  have  found  Mg,SiO,  only  in  the  form  cor- 
responding with  the  natural  mineral  forsterite.  Measured  arti- 
ficial crystals  of  this  mineral  are  figured  in  a  former  publication 
from  this  laboratory.f  Crystals  from  this  same  stock,  prepared 
by  fusing  together  magnesia,  silica  and  magnesium  chloride  in  an 
atmosphere  of  HOI,  were  used  to  determine  the  optical  con- 
stants of  forsterite  more  accurately.  The  acute  angle  of  the 
nnit  prism  was  used  as  a  wedge  and  the  refractive  indices  a 
and  p  determined  for  sodium  fight  on  the  goniometer,  by  the 
method  of  minimum  deviation.  The  optic  axial  angle  was  then 
measnred  directly  on  the  Wiilfing  apparatus  in  sodium  light, 
the  crystal  being  immersed  in  a  liquid  of  index  /9.  From  tneee 
values  the  index  7  was  calculated.    The  results  are  given  below: 

^  =  1-651,  2V  =  85°  16'  ±  4' 

0=  1-636,  y  =  1-870, 

y~a  =  -036, 

The  cleavage  is  distinct  after  (010)  and  (001). 
The  optical  orientation  is  c  =  b  and  a  =  c. 

A  determination  of  the  density  of  these  crystals  was  made  in 
Rohrbacli's  solution  by  the  flotation-refractive  index  method  of 
Merwin.J  The  crystals  used  were  small  and  were  examined 
under  the  microscope  and  found  free  from  inclusions  of  anv 
kind.     The  density  fonnd  wag  3-216  ±  -002. 

Clino-etiatatite. — With  the  exception  of  the  occasional  appear- 
ance of  the  monotropic  amphihole  form  of  MgSiO,  in  quickly 
cooled  melts,  the  stable  monoclinic  pyroxene,  cli no-en statite, 
was  the  only  form  of  the  metasilicate  observed  in  our  quenches. 

*The  Stability  Belatioiui  of  the  Silica  Minerali,  this  Jonnial,  (4),  xixti, 
1913,  834. 

t  Allen,  WTi){ht  and  Clement,  MioeralH  of  the  Compoaitjoa  MgSiOi,  this 
Journal,  (4),  izii,  1904,  891. 

t  ThlB  Jonmal,  (4),  mi,  426,  ISll. 


Dcillizedoy  Google 


Bowen  and  Andersen — Binary  System  MgO-SiO,.     499 

We  have  therefore  made  no  observations  which  throw  further 
light  on  the  relation  between  enstatite  and  cliuo-enetatite.  The 
two  are  very  similar  in  physical  properties  bnt  clino^nstatiteia 
moDOclinic. 

Clino-enatatite  crystals  have  been  measured  and  the  figures 
given  in  a  former  publication  of  this  laboratory.  It  has  the 
characteristic,  perfect  prismatic  cleavage  of  tite  pyroxenes. 
Usually  rough  cracks  /AOOl)  show  as  well,  Polysyntnetic  twin- 
ning after  (100)  is  exceedingly  characteristic.  The  plane  of  the 
optic  axes  is  normal  to  (010)  as  would  be  the  case  in  enstatite  if 
it  were  oriented  after  the  manner  of  the  monoclinic  pyroxenes. 
Sections //(OlO)  do  not,  therefore,  show  the  highest  interference 
colors  ae  in  moat  pyroxenes.  The  angle  CAc  ^^  23°.  Tlie 
optic  axial  angle  is  difficult  to  measure  on  account  of  the  poly- 
synthetie  twinning.  Wright  and  Larsen  give  the  value  SB'S".* 
The  refractive  indices  were  determined  on  material  crystallized 
from  a  clear  glass  and  therefore  free  from  inclusions  of  silica, 
which  tend  to  give  a  value  slightly  too  low.  The  results  were 
«  =  1-651  ±  001,  7  =  1-660  ±  -001  determined  by  immersion 
in  liquids  of  known  refractive  index. 

Bearing  op  tbb  Results  on  Pxtbologic  Pboblehs. 

In  the  chemically  pure  products  described  it  has  been  shown 
that,  over  a  wide  range  of  compositions,  the  olivine,  forsterite, 
crystallizes  out  and  is  later  either  partly  or  completely 
redissolved,  reacting  with  the  liquid  to  give  the  pyroxene, 
clino-enstatite.  This  resorption  takes  place  as  a  necessary 
result  of  equilibrium  and  during  the  normal  course  of  erystal- 
liz&tion.  In  natural  rocks  the  resorption  of  olivine  and  the 
formation  about  the  olivine  crystals  of  reaction-rims  of 
enstatite  has  often  boen  noted. f  Such  reaction  between  the 
crystals  in  a  magma  and  its  still  liquid  portion  has  sometimes 
been  assumed  to  imply  some  drastic  change  of  conditions  such 
88  the  sudden  relief  of  pressure.  It  has  also  been  considered 
poflsible  that  such  crystals  may  have  sunk  into  magma  of  such 
a  composition  that  they  became  unstable.  In  the  case  of  olivine 
it  is  probable  that  such  assumptions  are  unnecessary.  Oliviue 
crystals  may  perhaps  be  partly  or  wholly  resorbed  during  the 
normal  course  of  crystallization  as  a  simple  result  of  cooling, 
as  in  the  case  of  the  more  simple  mixtures  described. 

It  has  been  shown  also  that  certain  crystalline  products, 
when  qnickly  formed,  may  contain  forsterite  and  free  silica 
( Cristobal ite)  together  and  this  condition  may  persist  indefinitely 
although  it  does  not  represent  equilibrium.  Dr.  Oross^  has 
found  cristobalite  in  cavities  of  olivine-bearing  lavas  from 
'This  Journal,  (4),  zzvii,  80,  1909. 

f  Harker,  A.,  Natnral  Historj  of  TgneoaB  Bocks,  p.  269. 
jPBiBoiuil  commnnicatioD. 
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Hawaii,  bat  in  that  case  we  are  probably  dealing  with  a  qnite  dif- 
ferent matter,  perhaps  with  the  decomposition  of  silicatea  and 
the  setting  free  of  silica  as  cristobalite  by  the  action  of  vapors. 
A  mixture  of  total  composition  MgSiO,  98  per  cent,  SiO,  2  per 
cent,  can  be  cooled  in  such  a  manner  that  it  consists  of  forsterite 
and  slase.  We  have  then  what  might  be  termed  an  olivine- 
beanng  lava  in  simplified  form,  though  the  actual  total  compo- 
sitiou  of  the  mixture  shows  no  olivine  out  an  excess  of  free  silica. 
This  simple  case  emphasizee  the  fact  that,  in  spite  of  the  great 
usefnineae  of  a  purely  chemical  classification  of  rocks,  a  claseifi- 
catiou  in  terms  of  the  actual  phases  (minerals)  present  is 
extremely  desirable  because  these  phases  are  an  expression  of 
equilibrium  nnder  the  conditions  of  their  formation. 

Equilibrium  in  the  binary  sjatem  MgO-SiO,  was  studied  by 
applying  the  method  of  quenching. 

There  are  two  compounds,  the  orthosilicate  Mg,SiO,  and  the 
metasilicate  MgSiO,,  capable  of  existing  in  contact  with  liquid 
in  the  binary  system.  The  former  crystallizes  in  a  form 
correeponding  with  the  mineral  forsterite  and  the  latter  forms 
crystals  similar  to  enetatite  in  most  properties  but  of  monoclinic 
symmetry,  clino-enstatite. 

Clino^nstatite  is  the  only  stable  form  of  MgSiO,  encountered. 
It  has  no  trae  melting-point  but  breaks  up  at  1567°  (formerly 
oonsidered  the  melting-point)  into  forsterite  and  liquid  and 
the  temperature  must  be  raised  to  1577'  before  complete 
solution  of  the  forsterite  takes  place. 

In  an  earlier  publication  from  this  laboratory,  crystals 
termed  a-MgSiO,  were  described  bs  a  bigh-temperatnre  form 
of  magnesium  metasilicate.  They  were  considered  to  be  the 
product  of  inversion  of  clino^nstatlte  (^-MgStO,),  but  the 
crystals  described  have  now  been  proved  to  be  a  product  of  the 
dissociation  at  1557°  and  to  be  the  orthosilicate,  forsterite,  not 
a  form  of  the  metasilicate. 

On  account  of  the  break  up  of  clino^nstatite  into  forsterite 
and  liquid  there  is  no  eutectic  between  the  two  compounds, 
and  the  liquids  show,  on  cooling,  the  partial  or  complete 
re-solutiop  of  forsterite  at  the  reaction  point,  1557°,  the  liquid 
reacting  with  the   forsterite   crystals   to   give   clino-enstatite. 

A  discussion  is  given  of  the  geological  significance  of  this 
resorption  of  the  olivine,  forsterite,  by  reaction  with  the 
liquid  to  give  the  pyroxene,  clino-enstatite. 

Qeophjaical  Laborator;, 

Cam^e  Inslitiitlou  of  WaatkingfoD. 
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Abt.   XLI. — An  Application    of    th«   Displacement  Inter- 
ferometer  to  th«  Horizontal  Pendtdum  ;*  by  C.  Babos. 

1.  Introduetory. — The  diaplocemeDt  of  ellipBes  or  of  inter- 
ference lines  in  the  speotnim  te  probably  capable  of  being 
photogr&phed  for  continaoQB  registry,  though  lees  eaeily  tban 
the  motion  of  a  spot  of  light.  At  all  events,  it  seemed  inter- 
esting to  endeavor  to  register  the  excursions  of  the  horizontal 
pendalnm  by  displacement  interferometry,  not  so  mnch  with  a 
view  to  recording  seismological  phenomena  as  to  approach  by 
this  means  certain  other  problems  ae,  for  instance,  the  tilting  of 
the  earth's  surface  relatively  to  the  plumb  line,  the  measure- 
ment of  the  constant  of  gravitation,  etc.  The  present  paper, 
therefore,  undertakes  a  new  departure  with  this  special  end  in 
view,  with  possibly  some  ulterior  bearing  on  microseismology. 

If  the  inclination  of  the  axis  of  the  horizontal  pendulum  is 
but  a  few  degrees  to  the  vertical  and  a  large  frameworlc  is  in 
question  (there  is  scarcely  any  limit  to  size  other  than  strength 
of  the  material),  the  sensitiveness  of  the  apparatas,  when  the 
excursions  are  read  off  in  terms  of  light  waves,  is  astonishing ; 
or  at  least,  it  would  be  so,  if  the  instrument  supplied  with 
mirror  and  screen  had  not  been  so  thoroughly  perfected.  The 
horizontal  pendulum,  moreover,  has  this  peculiarity,  that  it  is 
able  to  support  relatively  large  weights ;  i. «.,  relatively  massive 
bodies  may  be  subjected  to  each  other's  attraction. 

2.  Apparatus. — The  horizontal  pendulum  has  the  usual  form 
of  a  Bwmging  gate  and  was  constructed  of  3/8  inch  (vertical) 
and  1/4  inch  (oblique)  thin  steel  tubes.  The  material  available 
here  was  unfortunately  slightly  too  thick-walled,  a  defect 
which  will  be  modified  m  the  future.  Moreover,  steel,  as  has 
been  seen  in  the  work  with  the  electrometer,  is  an  undesirable 
metal  in  the  varying  magnetic  field  of  a  city,  when  the  microm- 
et^  of  angles  is  in  question. 

The  frame  of  the  pendulum,  as  shown  in  fig,  1,  is  very 
simple.  ABG'iR  the  truss  of  steel  tube,  soldered  at  A  and  B 
and  terminating  in  the  brass  clutch  at  C,  into  which  it  is  also 
soldered.  The  tube  AB  is  slotted  at  top  and  bottom  and  each 
end  receives  a  solid  cylinder  a  and  b  of  glass-hard  steel,  snugly. 
These  are  held  in  place  by  collars  c  and  d.  The  cylinder  b  con- 
tains a  conical  socket  to  receive  the  point  of  the  steel  pivot  t, 
a  portion  of  the  tube  A  having  been  removed  at  this  part. 
Similarly  the  cylinder  a  contains  a  vertical  slot  (or  reentrant 
dihedral  edge)  to  receive  the  pivot  a.  These  pivots  are  ad- 
3  the  Camagie  Instltntlon  in 
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JDstable  toward  aad  from  the  rear,  from  right  to  left,  and  each 
IS  revolvable  about  a  horizontal  axis  normal  to  the  tignre,  in  a 
way  which  will  presently  be  shown.  The  distanee  between 
pivots  was  97  centimeters,  the  dbtance  between  the  cylinders 
AB  and  D  about  111  centimeters,  and  the  reduced  end  pro- 
jects about  16  centimeters  beyond  the  edee  £!£"  of  the  brick 
pier  to  which  the  pivots  are  attached.     D^  clotched  by  C,  is 


the  hollow  stem  of  the  tablet  f,  which  holds  the  plane  dot  slot 
arraugemeot  to  secure  the  grating  g,  a  spring  passing  down  the 
interior  of  the  tube  D.  The  lower  pivot  should  preferably 
point  towards  the  center  of  gravity,  G. 

The  whole  apparatus  is  enclosed  in  a  more  or  less  triangular 
flat  case  K'mnk,  tirmly  bolted  to  the  wall  at  q,  m  and  p.  The 
two  sides  of  the  case  beyond  the  pier,  h'itk,  may  be  sUd  off  to 
the  left,  and  then  the  whole  remainder  lifted  off  its  bearines 
without  touching  the  pendulum,  as  the  case  has  no  rear  wall. 
The  front  face  is  within  three  inches  of  the  face  of  the  pier. 
This  arrangement  was  found  very  satisfactorv.  The  head  of 
the  case  ki  is  of  conree  glass  faced  (identical  plates)  in  front 
and  rear,  so  tliat  the  grating,  etc.,  may  be  seen.  A  convex 
mirror  if  placed  at  g  reflects  a  beam  of  light  showing  the 
pendulum  to  be  nearly  stationary  during  the  day,  in  spits  of 
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the  BDrronndinR  city.  The  slow  normal  variations  were  not 
greater  than  5  millimeterB  on  a  radius  of  13  meters,  correspond- 
ing therefore  to  about  40  seconds  of  arc.  The  corresponding 
change  of  inclination  relative  to  the  plumb  line  wonld  be  less 
than  1/100  of  this,  dep>ending  on  the  period  given  to  the  hori- 
zontal pendnlum. 

The  mass  of  the  pendulnm  was  720  grams ;  that  of  the  grat- 
ing holder  originally  -475  grams,  and  of  the  grating,  etc,  about 
55  grams,  making  a  total  of  1360  grams ;  bnt  these  masses  are 
to  be  much  modified  in  the  future.  The  center  of  gravity,  at 
ff,  with  the  grating  in  place,  was  originally  about  80  centi- 
meters from  the  axis  AB. 


The  grating  at  g  moves  between  the  two  opaqne  mirrora 
(fig.  2)  Dsually  called  ^  and  iV^  of  the  displacement  interfero- 
meter, in  the  way  shown  in  my  earlier  work*  on  jnterferonietry. 

Bnt  these  mirrors  M  and  N  mnst  in  the  present  case  be  idfln- 
tically  eonccuvey  silvered  on  their  front  faces,  and  at  a  distance 
equal  to  their  common  radius  of  curvature  from  the  center  of 
the  ruled  face  of  the  grating.  This  center  is  illuminated  by 
the  impinging  beam  of  light  from  the  collimator,  and  the 
returned  beams,  reflected  from  M  and  iV",  must  pass  through 
the  same  area  of  illumination.  In  such  a  case  the  reflection  at 
J/^and  N  is  always  normal  to  those  surfaces  and  the  rotation 
*SeB  Carnegie  Pablicationa,  No.  146. 

Am.  Jour.  Sci.— FotniTB  Sbribb,  Vol.  XXXVIT,  No.  333.— Jdne,  1914. 
SS 
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of  tbe  grating;  doeg  not  interfere  with  the  definition  of  the 
ellipses  of  tbe  interference  pattern.  For  any  other  distance 
of  M  and  N  except  tlieee  radii  of  curvature,  the  spectra  in  the 
telescope  will  cease  to  coincide  horizontally  on  rotating  the 
gratinfc  and  the  ellipses  would  at  once  vanish.  On  the 
other  hand,  the  displacement  of  the  grating  in  arc  at  the 
end  of  the  arm  of  the  horizontal  pendnlum,  is  registered  in 
amount  bv  the  sbiftinj^  of  the  ellipses  in  the  interfering 
spectra.  This  displacement  includes  of  conrse  (as  a  small  cor- 
rection) the  additional  thickness  of  glass  introduced  by  the 
rotation  of  the  grating.  The  displacement  in  question  is  tbe 
arc,  which,  when  referred  to  the  axis  of  the  horizontal  pen- 
dulum, measures  its  angular  deviation  resulting  from  the  in- 
clination of  theearth'^  surface  relatively  to  tbe  plumb  line. 

It  is  convenient  to  exhibit  the  details  of  tne  instrnment 
(tigs.  2  and  3  j  in  separate  parts  for  convenience  in  drawing,  these 
being  superimposed  in  practice. 

Fig.  2  shows  the  attachment  of  the  two  concave  mirrors 
J/" and  N  oi  the  interferometer  to  the  pier  P.  Here  ahcd  is 
an  ordinary  framework  of  1/4  inch  gas  pipe.  The  end  a  is 
firmly  plastered  into  the  pier,  b  rises  at  a  aliglit  angle,  cd  being 
horizontal  and  parallel  to  the  pencil  of  light  from  the  slit, 
while  g  shows  the  position  of  the  grating  on  the  horizontal 
pendulum  in  fig.  1.  The  arm  b  lies  below  the  case  in  that 
figure  and  is  free  from  it.  Each  of  the  mirrors  M  and  iV  is 
on  plane  dot  slot  adjustments,  and  M  is  provided  with  a  Fraim- 
hofer  micrometer  suggested  in  the  figure.  Both  M  and  N 
can  be  rotated  aronnd  horizontal  and  vertical  axes  for  adjust- 
ment, the  former,  M,  being  provided  with  a  fine  motion.  The 
clatch  e  and  the  corresponding  one  for  M  (not  shown)  allow 
the  micrometer  to  be  placed  at  a  greater  or  less  distance  from 
the  grating.  Tlie  center  of  the  mirror  is  about  on  the  same 
horizontal  level  as  the  grating.  It  is  also  usually  con- 
venient to  place  the  lens  L  of  the  collimator  in  its  screen,  on 
the  same  rod  cd,  with  an  appropriate  clutch  and  rack  and 
pinion. 

The  complementary  frame  work  is  shown  in  fig.  3  and  holds 
the  slits  of  the  collimator  (or  the  filament  of  a  Nernst  lamp)  and 
the  two  telescopes  Tand  T"  in  place  for  observation,  T  being 
used  for  the  direct  slit  image  and  T  for  the  diffraction  spectra 
and  interferences.  Tbe  frame  y^At  is  as  before  of  gas  pipe, 
f  being  firmly  plastered  into  the  wall  on  the  front  face  of  the 
pier  (the  other  one,  ab,  being  on  the  side).  The  telescopes 
T&nA  2*  are  necessarily  adjustable  on  a  horizontal  and  vertical 
axis,  may  be  raised  and  lowered  and  moved  riglit  and  left 
along  the  rod  kl,  held  by  a  firm  clutch  at  k.  The  lens  L  may 
also  oe  carried  on  ab,  as  has  been  stated.     Right  and  left,  np 
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and  down  motion  is  needed  for  the  ineertion  of  these  appurten- 
ances. The  rods  cd  and  hi  are  not  in  the  same  horizontal  or 
the  same  vertical  plane,  so  that  the  systems  may  be  snperpoeed 
as  etated. 

In  the  coarse  of  the  work  it  appeared,  however,  that  the 
framework  of  simple  pipe  was  annoyinpily  subject  to  tremors. 
It  was  fonnd  necesRary  to  lengthen  the  rods  gd  and  ge,  g'i  and 
g'h  to  over  a  meter  in  length.  Hence  it  was  preferable  to  bolt 
the  pairs  of  parallel  rails  together  for  increascMl  stiffness  and  to 
secure  the  ends  of  each  pair  with  a  wide  tetrahedral  brace  of 
gae  pipe,  abutting  at  the  pier,  against  -horizontal  and  vertical 
displacement.  So  adjusted,  the  system  was  light  and  rigid  and 
easily  modified  for  the  different  purposes  of  the  experiment. 
The  additional  braces  have  not  been  shown  in  the  figure,  as 
they  depend  on  purely  local  conditions,  the  base  of  each  tetra- 
hedron being  at  the  pier  and  its  apex  at  the  eorrespondine; 
common  ends  of  the  pairs  of  raila,  gc  and  g'h,  gi  and  gd.  All 
appurtenances  like  lenses,  mirrors,  inicromctere,  are  attached 
with  strong  removable  clamps,  provided  where  needed  with 
rack  and  pinion  attachment  for  focussing,  etc.  This  allows  of 
au  easy  and  indefinite  modification  of  the  system  and  is  thus 
very  convenient  for  experimental  purposes  of  the  present  kind. 
Finally  the  telescopes  T  and  T  are  preferably  supported  on  an 
independent  tripod  resting  on  the  floor,  the  arm  kl  being 
removed.  It  will  be  remembered  that  the  sodium  line  of  the 
spectrum  and  not  the  vertical  crosshairs  of  the  telescope  is  used 
for  reference.    . 

It  is  finally  necessary  to  describe  the  pivots  of  the  horizon- 
tal pendulum,  and  these  are  also  given  in  fig.  2.  Here^  is  a 
length  of  1/4  inch  gas  pipe  fixed  in  the  wall  with  plaster.  The 
outer  end  is  split  lengthwise  and  carries  a  collar  and  set  screw  I, 
so  that  the  brass  rod  q  fitting  the  pipe />  snugly  may  be  firmly 
secured.  The  end  of  q  carries  the  horizontal  very  snugly  fit- 
ting screw  m  of  1/4  inch  brass,  which  is  tipped  at  n  with  the 
steel  point  of  a  darning  needle.  The  point  of  n  is  received  by 
the  socket  of  the  horizontal  pendulum.  Thus  n  may  be  rotated 
about  qpxnA  moved  fore  and  aft  or  right  and  left,  for  adjust- 
ment. The  socket  is  a  conical  hollow  of  about  60°  in  glass 
hard  steel. 

3.  Equations. — With  regard  to  the  apparatus  just  described, 
the  size  of  which  was  limited  to  conveniently  fit  the  given  pier, 
the  following  equations  may  he  used  to  obtain  an  estimate  of 
the  sensitiveness  to  be  expected  : 

Let  0  be  the  inclination  of  the  axis  of  the  pendnlum  to  the 
vertical  and  0  an  angular  excursion  of  the  pendulum,  meas- 
ured from  its  position  of  equilibrium.    Let  A  (tig.  1)  be  the 
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normal  diBtanee  of  the  center  of  gravity  from  the  axis.     The 
rise  of  the  latter  above  its  lowest  position  is 

y  =  A  ( 1  —  cos  0)  sin  ^  =  SA  sin  ^  sin*  -  (I ) 

and  the  energy  potentialized,  if  the  total  mass  is  M,  will  be 

W  =  2Mgh  BID  iff  sin'-  (2) 

which  for  small  dbplacements  corresponds  to  the  torqne  i^A, 
at  the  angle  6.    This  torqne  is 


nearly;   whence,  the  total   force  ^acting  at   the   center   of 
gmvity,  or  J^/Mper  gram  of  mass  M,  is 

In  the  above  apparatus  M  »  1216  grams,  A  =:  80  centi- 
meters. Hence  per  vanishing  interference  ring,  sinee  the 
grating  moves,  if  AiT  is  the  displacement  of  the  micrometer  to 
oring  oack  the  center  of  ellipses  to  the  lidacial  sodinm  line 


_  AAya  _  Ajy 


(5) 


where  Ji  is  the  distance  of  the  point  of  the  grating  at  the  Hoe 
of  light  corresponding  to  the  slit,  from  the  axis  of  rotation. 
In  the  apparatus  Jt  »  111  centimeters.  Hence  the  angle 
corresponding  to  a  vanishing  ring  is,  since  A^  =  30  X  lu~', 


Furthermore  if  0  =  1"  =  -0175  radians 

F/M=  981  X  -0175  X  13  X  10"*  =  2*3  X  10"*  dynes 

per  vanishing  ring,  per  gram  mass  at  the  center  of  gravity  of 
the  pendulum. 

The  total  pull  of  the  center  of  gravity  of  the  above  penda- 
Inm  is  thu» 

F=  2-3  X  10"*  X  1246  =  2-9  X  10"'  dynes 

per  vanishing  ring,  on  one  side.  By  lengthening  the  radius 
from  hto  H  tliie  may  be  decreased  to  abont  2  X  10~'  or  lese. 
Hence  in  case  of  gravitational  attraction  at  one  centimeter  of 
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distance  it  would  require  two  eqaal  masses  m  (eince  7  =  6*7  X 
10""  roughlj)  of  180  grams,  per  vaoishing  interference  ring, 
at  a  distance  of  1  centimeter.  These  conditions  conld  be  snp- 
plied  by  using  parallel  plates.  On  the  other  hand,  the  frame- 
work of  the  above  pendulnm  is  unnecessarily  heavy,  and  was 
constructed  out  of  the  material  at  hand.  It  could  easily  be 
rednced  in  weight  much  below  the  above  datum,  or  the 
greater  part  supported  on  a  float,  so  that  the  case  is  to  be 
stated  many  times  more  favorably. 

Resuming  equation  (3),  if  ^is  the  moment  of  inertia,  i  the 
radius  of  gyration,  and  T  the  period  and  I  the  length  of  the 
horizontal  pendulum, 

an  equation  from  which  ^  may  be  found  in  terms  of  T,  i,  and 
h,  which  must  bft  measared. 

Again  the  indicated  length  H  of  the  pendulum  (distance 
from  the  center  of  gravity  to  the  point  of  intersection  of  the 
axis  and  the  plnmbline  through   the  center  of  gravity)  is 

H  =  h/siu  ^  =  A/*,  nearly.  (7) 

The  change  of  vertical  inclination  a  of  the  axis  of  the  pen- 
dulum corresponding  to  the  horizontal  deviation  8  is  then, 
nearly, 

n= -^  =  9^,  nearly;  (8) 

or  if  the  period  T  be  introduced  from  (6)  and  8  from  (5) 


(9) 


It  is  in  equation  (8)  that  the  condition  of  remarkable  sensitive- 
ness resides.    Thus,  if  the  interferometer  is  used, 

a  =  >lt^N/2S, 

and,  if  AiV  =  30  X  lO""*  and  <f  =  lO"'  (somewhat  less  than 
1°  of  arc),  Ji  =  111  cm.,  as  above, 

o  =  13  X  10~      radians  =  •00028" 

per  vanishing  interference  ring. 

If  J^,  as  before,  is  the  force  at  the  center  of  gravity,  the 
corresponding  force  at  the  grating,  a  distance  ic  from  the 
center,  is 

i^,=  Jlfff*tfA-^^0  (10) 


since  0  is  given  by  equation  (6). 
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It  is  this  equation  winch  enggeeta  itself  for  tbs  measurement 
of  the  coDstant  of  gravitation  which  thns  depends  on  qaanti- 
ties  all  easily  raeaanrable.  It  iuiplicitlj  contains  h,  since  t 
refers  to  an  eccentric  axis  and  t"  =  i,'  +  A' ;  bot  i  may  be 
found  directly. 

The  deviation  6  is  given  by  (B).  If,  however,  the  device*  of 
two  parallel  mirrors,  eqnisdistant  (distance  R)  from  the  axis 
of  the  horizontal  pendulam,  be  nsed,  and  if  light  impinges  on 
either  mirror  at  an  angle  of  incidence  /  (the  impinging  and 
reflected  beams  being  fuways  parallel), 

'-^.  ("> 

where  ^N'  is  the  displacement  of  the  micrometer.  The  hori- 
zontal pendaiom  is  in  this  case  constracted  symmetrically  to 
the  vertical  axis  in  the  form  of  a  balance  beam,  bat  somewhat 
heavier  on  one  side. 

Finally,  the  compound  pendnlam  may  be  supported  on  b 
cylindrical  ^a<,  symmetrical  to  the  vertical  axis  of  the  pen- 
dulum and  submerged  in  water  or  some  other  liijDid.  In  such 
a  case,  the  mass  of  the  compound  pendulum  may  be  reduced 
in  any  degree  without  serious  difficulty  from  capillary  forces, 
as  will  be  shown  elsewhere.  Since  the  center  of  buoyancy  is 
in  the  vertical  axis  of  the  horizontal  pendulum,  the  above  equa- 
tion needs  but  slight  alteration.  Let  F  be  the  volume  of  the 
float,  so  that  Ypg  is  the  buoyancy.  Apart  from  the  tempero- 
tnre  conditions,  p  ~  1,  and  hence  the  above  equations  take  the 
successive  forms,  since  {M~  Y)g  is  supported  instead  of  Mg: 

W  =  ii{M-V)gh^  (12) 

7"=    (Jtf-F)ffA^tf  (IS) 

The  force  at  a  distance  R  from  the  axis  is,  when  the  center  of 
gravity  is  at  a  distance  h, 

Jfi'  =  ({Jtf-  V)g^/R)B  (14) 

Hence  the  force  has  been  reduced  in  the  ratio  of  M/{M--  V) 
for  the  same  6.  One  may  also  note  that  it  is  smaller,  not  only 
08  ^  is  smaller,  bat  as  h/R  is  smaller.  Hence  a  symmetrical 
form  of  pendulum,  like  the  balance  beam,  hut  slightly  heavier 
on  one  side,  suggests  itself  for  work  on  gravitational  attrac- 
tion, etc. 

It  was  not  found  difficult  to  rednce  the  weight  of  the  pendu- 
lum by  flotation  to  40  grams,  i.  e.,  about  31  times.  Hence  the 
force  per  vanishing  interference  ring  computed  above  would 
now  be 

*  Bams,  tbia  Jottmal,  uxvii,  p.  8S  et  seq.,  1014. 
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Fb'  =  2  X  10"'/3l  =  6  X  10"°  dynea,  roughly. 

This  woDid  be  equivalent  to  the  attraction  of  two  30  gram 
weights  at  1  centimeter  of  distance. 
Furthermore, 

r'  =  2«l/^—     ? (16) 

whence,  since  B  =  ^N/2Ji 

all  of  wliich  quantities  are  easilj  determined  with  accuracy. 
To  find  the  radins  of  gyration  i  for  instance,  a  body  of  known 
moment  of  inertia  mav  be  suspended  at  the  end  of  the  hori- 
zontal pendulum  and  tne  periods  7*  of  the  pendulum  before  and 
after  the  suspension  determined,  with  or  without  the  float. 

Finally  the  change  of  vertical  inclination  a  becomes,  0  being 
given  by  (16), 

a  =  ^=fl*  (nearly)  (17) 

If  the  pendatum  is  damped,  which  will  usually  be  the  case, 
it  may  be  necessary  to  observe  the  logarithmic  decrement,  in 
order  to  compate  the  free  period  in  the  usual  way. 

If  the  end  of  the  horizontal  pendnluin  is  loaded  with  the 
weight  m  of  a  disc  at  a  mean  distance  R  from  the  axis  for  the 
measnrement  of  gravitational  attraction,  since 

(M  +  m)  V  =  JtfA  +  mB. 

the  new  force  at  R  is 

"When  the  end  of  the  pendulum  is  similarly  loaded  for  the 
determination  of  its  radius  of  gyration,  since 

the  new  period  is 

/, ^""^ 

T'=T   /      "^  M     t"" 


Since  V  and  T  are  observed  and  m,  M,  R,  h  given,  i  may 
be  computed.  The  horizontal  pendulum  itself  thus  supplies 
the  valne  of  i. 
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4.  Observations  with  a  grating  rotating  on  a  fised  vertical 
axis. — When  the  opaqae  mirrors  Jf  and  iV  are  identically  con- 
cave and  are  put  on  the  ordinary  interferometer  at  a  diutance 
equal  to  their  radius  of  curvature  from  tlie  stationary  grating, 
the  latter  may  be  rotated  (without  translation)  as  far  as  the 
breadth  of  the  opaque  mirror  JV  permits,  without  readjust- 
ment. The  ellipses  are  not  lost.  Inasmuch,  however,  as 
difEerent  tbicknessee  of  glass  are  introduced  into  the  ravs 
when  the  grating  ie  rotated,  the  ellipses  travel  horizontally 
through  the  spectrum  from  the  red  to  the  violet  end  or  the 
reverse.  They  are  about  equally  clear  in  all  positions.  A  dis- 
placement at  the  mirror  N  of  about  4  centimeters  per  meter, 
1.  e.,  '04  radian,  is  equivalent  to  23°  of  reflected  ray,  or  a 
rotation  of  Vl&°  for  the  grating,  were  within  the  scope  of  the 
interferometer  and  the  tests  were  made  within  this  limit.  It 
is  far  in  excess  of  anything  required  in  the  horizontal  pendu- 
lum. No  doubt,  if  the  mirror  JV  had  been  wider,  the  ellipses 
could  have  been  retained  for  larger  angles  of  rotation  of  tlie 
grating,  though  they  would  in  sueh  a  case  travel  several  times 
throogli  the  spectrum.  The  micrometer  at  M  would  have  to 
be  used. 

If  long  columns  of  glass  are  to  be  inserted  in  either  beam 
(6M  or  GN)  the  concave  mirror  is  not  available,  since  the 
direct  slit  images  will  then  have  different  focal  positions. 
The  rays  issue  from  the  plane  parallel  column,  parallel  to  this 
focal  direction,  but  from  a  virtual  focus  nearer  the  concave 
mirrors.  Hence,  if  the  column  is  placed  in  the  beam  GJH, 
the  beam  GJf^  will,  as  a  rule,  have  to  be  correspondingly  short- 
ened.    The  algebraic  relations  are  complicated. 

5.  Observations  with,  the  interferometer. — The  horizontal 
pendulum  with  which  the  following  observations  were  made 
Iiad  the  following  constants,  M  being  the  total  mass  of  the 
lixed  parts,  m  the  attached  mass,  A  tlie  distance  of  the  center 
of  gravity  from  the  axis,  R  the  distance  of  the  vertical  line  of 
light  on  the  grating  (also  mean  distance  of  m  and  of  F^  from 
the  axis,  ^  the  inclination  of  the  axis,  H  the  indicated  length 
and  L  the  vertical  pendulum  length,  M  =  1250  grams;  m  = 
227  grams;   A  =  80   centimeters;   R  =  1I1-3   centimeters. 

The  observed  periods  (primes  refer  to  the  loaded  pendulum) 
for  M  and  M  -f  m  were 

T=  18-4B  seconds  T'  =  18-87  seconds 

Thus  i  =  85-1   cm.;    0  =  a/0  =  -01081   rad.  =  -62°,  and 
//  =  7394cm.;  X  =  8488cm.;  JJ'  =  7834cm.;  Z'=  8853em. 

Since  0  =  AN/2Ii  when  AiV  is  the  mean  displacement  for 
the  hurizoutal  deflection  (0)  of  the  pendulum 

a  =  10"'  X  4-86  AiV radians. 
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Thu8,  if  &N  =  10"'  cm.,  a  =  10"*  seconds  of  arc,  or  the  clmnge 
of  o  per  TAnishin^  interference  ring  (A^=10"'X30)  is 
■000310  seconds  of  arc.  This  limit  could  easily  be  decreased 
to  10''  80"  by  increasing  To,  little  over  three  times. 

Similarly,  the  forces  at  distance  Ji  from  the  axis  of  the 
horizontal  pendalum  are 

Ps  =  42-9  ^N;   F,;  =  53-7  \N' 

Thns  if  ^N  =  10"*  cm.,  F'^  =  "0054  dynes  or  about  -0016 
dynes  per  vanishing  ioterfereDce  ring,  in  case  of  the  pendulum 
loaded  with  the  disc  m.  lu  case  of  the  two  discs  used  below, 
m  =  227  grams,  m'  =  1035  grams,  placed  all  bnt  in  contact, 
d  =  -5  cm.,  the  gravitational  attraction  should  exceed 

/=  6-7  X10-'!551-><?1U  .063  dyne 

{■5) 

or  4^  should  exceed  -00117  cm.  or  2*3  drum  parts  on  the 
micrometer  or  over  5  drum  parte  {about  80  interference  rings) 
for  the  difference  of  deflection  on  the  two  sides  of  the  sus- 
pended disc.  This  should  already  have  been  measurable  in 
spite  of  tlie  pendulum  used,  which  was  heavy  and  ill  designed 
for  the  purpose. 

In  fig.  4  an  example  of  the  observations  has  been  inscribed, 
the  ordinates  being  the  inclination  of  the  pier,  a,  in  hundredths 
of  a  second  of  arc,  very  nearly.  It  will  be  seen  that  the 
inclination  increases  as  a  whole  from  the  beginning  to  the  end 
of  the  month,  the  total  range  lying  within  something  over  two 
seconds  of  arc.  The  rise  is  particularly  marked  and  sustained 
after  the  14th,  and  the  difference  of  inclination  between  the 
first  and  second  half  of  the  month  is  about  one  second. 

As  the  observations  were  made  iu  an  unavoidably  steam- 
heated  room  it  is  probable  that  the  flexure  of  the  pier,  etc, 
due  to  thermal  causes  has  been  lately  operative  in  modifying 
the  trend  of  the  curve.  For  on  corapuring  the  curve  as  a 
whole  with  the  thermostat  sheets  (not  shown)  a  retarded  effect 
is  possibly  suggested,  such  as  one  would  suspect  if  variations 
of  surface  temperature  should  penetrate  massive  masonry.  It 
would  then  he  possible  for  the  curve  to  have  different  heights  at 
the  same  temperature.  Naturally,  snch  comparisons  are  very 
vague,  and  it  is  the  range  of  values  of  admissible  in  the  appar- 
atus which  is  here  of  paramount  interest.  Furthermore,  as 
the  hill  on  which  the  laboratory  stands  is,  at  present,  being 
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tunnelled,  so  that  the  bnilding  ie  snbject  once  or  twice  a  day 
to  the  tremors  resulting  from  the  rifrorons  blasting  under- 
gronnd,  adeqnate  conditions  for  tlie  installation  of  an  appa- 
ratDB  of  the  present  kind  are  still  remote.  It  is  really  snrprising 
that  interferometer  observations  conld  be  made,  withont 
essential  difficult;,  under  these  circumstances.      Daring  an 
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Fia.  4.  TiltiDic  of  tba  pier  In  hundradtha  of  a  Mcond  of  are,  Bhowing  the 
range  of  measurable  a.  The  lower  limit  of  a,  10'*  teoond,  would  not  be 
viEnble  ia  tbe  diagram. 

explosion,  of  coarse,  the  ellipses  vanish ;  to  reappear,  however, 
immediately  after,  sometimes  with  displacement,  such  for 
instance  as  is  indicated  by  certain  of  the  doubled  parts  of  the 
cnrve.  The  use  of  tlie  water  damper,  moreover,  which  was 
necessary  here,  is  objectionable,  though  it  has  not,  probably, 
introduced  any  marked  error  into  the  observed  curve  (see  also 
doubled  parts).  Finally,  the  use  of  a  steel  horizontal  pendu- 
lum with  its  plane  in  the  magnetic  meridian  is  inadmissible. 
I  have  not,  therefore,  endeavored  to  interpret  the  results,  but 
they  are  given  simply  as  an  example  of  a  systematic  series  of 
observations,  extending  over  a  month.  I  hope  in  the  summer 
to  resume  the  work  in  the  abseDce  of  the  annoyances  referred  to. 
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I  may  add  in  conclnsion  that  the  experiments  referred  to 
above,  for  measnring  the  gravitational  attraction  of  two  identi- 
cal brass  discs,  led  to  cnrioas  results.  It  is  easily  seen  that  for 
constant  mass,  the  attraction  of  nearly  contiguous  discs  gbonld 
increase  roughly  as  the  fourth  power  of  tbeir  radius.  For 
discs  20""  in  diameter,  however,  the  result  is  an  invariable 
rtpuUion,  several  times  as  large  as  the  estimated  gravitational 
attraction,  the  position  of  equilibrium  being  reached  gradually 
in  the  lapse  of  several  minutes.  Since  the  discs  are  identical 
and  in  metallic  connection,  it  would  seem  as  if  the  absolute 
electric  voltaiccontact  potential  of  the  metals  is  being  measured. 
Bat  this  effect  would  be  at  least  100  times  smaller  than 
the  observed  value.  Similarly,  the  gravitational  pressure 
increment  of  the  film  of  air  between  the  discs  is  too  small, 
BO  that  the  cause  of  systematic  repnlsion  in  the  hundreds  of 
experiments  made  is  yet  to  be  learned. 

Brown  Univereitf,  ProTidenee,  R.  I. 
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Akt.    XLII. — On   the  Hydrolysis  of  Esters    of   Substituted 

Aliphatic  Acids;  by  W.  A.  Drusbel. 
[ContribDtioDB  from  the  Kent  Chamical  Lkboratorj  of  Yale  Univerai  t; — ecliii] 
*.  Hbmologues  of  JEthyl  Cyanacetale. 
Fboh  a  study  of  the  hydrolysis  of  ethyl  cyanacetate*  in 
dilute  hydrochloric  acid  solution  the  reaction  velocity  was 
found  to  be  lower  than  for  the  esters  of  the  corresponding 
lialogeo  substituted  fatty  acids.  In  view  of  this  marked  retard- 
ing Stect  in  the  ester  hydrolysis  apparently  due  to  the  presence 
of  the  cvauogen  group,  it  eeenied  de&irable  to  determine  the 
mt«a  of  nydrolysis  of  other  cyanogen  substituted  fatty  acid 
esters  in  dilute  acid  solution.  For  this  purpose  the  following 
esters  were  chosen : 

Ethyl  a-oyanpropionate  CH.CH(CN)COOC,H , 

ethyl  /S^yaiipropionate  CH,(CN)CH,COOC,H,. 

ethyl  B-cyanbutyrate  CH.CH,CH{CN)COOC,H„ 

ethyl  ^.cyanbntyrate  CH.CH(CN)CH,COOC,H,. 

ethyl  Q-cyanvalerianate  CH,CH-CH.CH(CN)COOC,H^ 

ethyl  a-cyanisovalerianate  (OH  j,CllCH(CN)COOC,H,,  and 

ethyl  a-cy«ndiethylacetate  (C,HJ,C(CN)C00C,H,. 

The  ethyl  esters  of  di-n-propylcyanacetic  acid  and  di-iaopropyl- 
cyanacetic  acid  were  also  prepared,  but  were  found  to  be  too 
insoluble  in  dilate  acid  to  be  oi  use  in  this  work.  For  the  pur- 
pose of  comparison  the  ethyl  esters  of  unsubstituted  isovaleric 
acid,  caproic  acid  and  diethyl  acetic  acid  were  prepared  and 
hydrolyzed. 

Preparation  of  Esters. 

(a)  a-Cyan  siihsdiuted  fatty  acid  esters, — The  previously 
named  a-cyan  esters  were  prepared  by  the  method  described 
by  Henry,-r  and  the  inonoalkylated  esters  wore  separated  from 
tlie  corresponding  dialkylated  esters  by  the  method  of  Hessler.J 
A  concentrated  alcoholic  solution  of  sodium  ethylate  was 
mixed  with  one  equivalent  of  eyauacetic  ester  dissolved  in 
an  equal  volume  of  absolute  alcohol.  Keaction  took  place 
immediately  with  the  formation  of  the  sodinm  salt  of  cyan- 
acetic  ester.  Without  separating  the  sodium  salt  it  was  treated 
in  the  flask  with  au  excess  of  alkyl  iodide  added  through  a 
reflux  condenser  in  small  portions.  The  reaction  was  energetic 
and    within    30    minutes    the    reaction    mixture,    consisting 

*  This  Jonrnal,  xiziii.  27. 

t  Henry,  jBhreaber,  1889,  637. 

tHeBsler,  Amer.  Chem.  JodihaI,  izii,  169;  ibid.,  xxxt,  990. 
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of  the  monoalkylated  aod  dialkylated  estere  in  alcoholic 
solation  and  separated  sodium  iodide  with  a  small  excess 
of  alk^l  iodide,  became  neatral  to  litmus.  The  mixture 
'  in  each  case  was  found  to  contain  a  large  amount  of  the  mono- 
slkjlated  ester  with  a  relatively  small  per  cent  of  the  dialky* 
lated  ester.  The  esters  resulting  from  the  introduction  of  the 
hoinologues  of  the  methyl  group  were  separated  by  the  differ- 
ence in  the  solubilities  of  the  mono-  and  dialkylated  eat«re  in 
cold  lO  per  cent  sodium  hydroxide  solution,  the  monoalkylated 
ester  being  readily  soluble  (with  saponification)  while  the  di- 
alkvlated  ester  is  not  appreciably  attacked  by  cold  dilute 
sodium  hydroxide  even  when  in  contact  with  this  reagent  for 
eereral  hours.  After  separation  of  the  dialkylated  ester  the 
monoalkylated  acid  was  recovered  from  the  sodium  salt  and 
eeterilied. 

(b)  0-Ci/an  avhstituted fatty  acid  eaters. — It  was  found  pos- 
sible to  prepare  ethyl  beta  cyan  propionate  with  an  unsatisfac- 
tory yield  from  beta  iodopropionic  ester  by  a  modification  of 
Zelinsky's*  method  for  the  preparation  of  the  corresponding 
alpha  ester.  One  equivalent  of  finely  powdered  potassium 
cyanide  was  added  to  ethvl  beta  iodopropionate  dissolved  in 
absolute  alcohol  and  heated  at  100°  in  a  sealed  tube.  A  small 
yield  of  ethyl  beta  eyanpropionate  entirely  free  from  iodine 
and  boiling  at  110°  nnder  a  pressure  of  12°"°  was  obtained 
which  was  used  in  the  hydrolyais  experiments. 

For  the  preparation  of  ethyl  beta  cyanbntyrate  malonic  ester 
was  need  as  the  starting  out  material.  Malonic  ester  was  first 
converted  into  ethylidene  malonic  ester  by  the  method  of 
Komnenos,t  and  from  this  ethyl  beta  cyanbutyrate  was  pre- 
pared by  the  method  of  Bredt  and  Kallen.lf  One  mof  of 
malonic  ester  was  condensed  with  one  mol  of  acetaldehyde  in 
the  presence  of  one  and  a  half  mols  of  acetic  anhydride  by 
heatmg  in  a  sealed  tube  at  100°  for  two  days.  The  condensa- 
tion was  made  according  to  the  following  reaction,  obtaining  a 
somewhat  less  than  fifty  per  cent  yield:  CH,CHO'+CH,- 
(COOC.HJ,  =  CH.CH  :  C(COOC.H.),  +  H.O.  The  purified 
ethylidene  malonic  ester  was  heated  at  60°  for  seven  hours 
with  one  equivalent  of  potassium  cyanide,  a  little  water  and  a 
large  excess  of  alcohol.     The  following  reaction  expresses  this 


tep ; 
CH 


DH.CH  :  C(COOC,H.>,+  KCN  +  H,0  =  CH,CH(CN)CH,- 
COOC.H,  -I-  HKCO.  -t-  O.H.OH.  The  etiiyl  beta  cyanbuty- 
rate obtained  in  this  way  after  purification  boiled  at  li0''-112'' 
under  a  pressure  of  20°'",  and  did   not  decolorize  a   dilute 

■Zelinikf,  B«r.  Dtscb.  Cbem.  GeBellsch,  xxi,  3162. 

tEomnenoH,  Liebig's  Ano.  Cliem.  Phami.,  ocivii),  157. 

iSredt,  Kalten,  ibid.,  ccioiii,  3S1. 
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bromine  solntion,  showing  it  to  be  frets  from  etbylidene  maJonic 
eater. 

(c)  UnauhatituUd  fatty  acid  csUtb. — The  ethjl  esters  of 
propionic  acid,  butync  acid,  iBobntyric  acid  and  isovaleric  acid 
were  obtained  b;  esterifying  these  acids  with  absolute  alcohol 
ia  the  presence  of  a  current  of  absolute  alcohol  vapor.  Ethyl 
dietliylacetate  was  prepared  from  acetoacetic  ester  by  the  snc- 
cessive  introduction  of  two  ethjl  groups,  saponificatioD  with 
concentrated  alcoholic  potassium  hydroxide  and  esteriGcation 
of  the  resulting  disubatituted  acetic  acid  ae  described  alrave. 

Hydrdyeia  of  Esters. — The  esters  of  this  aeries  were  hydro- 
ed  in  decinorinal  liydrochloric  acid  at  25°,  35°  and  45°  and 
velocity  constants  were  calculated  from  the  titration 
formula  for  itfonomolecular  reactions.  On  account  of  the  small 
solubility  of  some  of  these  esters  it  was  necessary  to  nse 
saturated  solutions  in  order  to  give  a  sufSciently  iarge 
range  in  the  titrations  to  secure  satisfactory  velocity  con- 
stants. Tlie  acid  was  warmed  to  the  required  temperatnre 
in  the  thermostat  and  was  then  shaken  for  a  minute 
with  an  excess  of  the  ester.  The  solution  was  filtered 
through  a  wet  tilter  paper  in  order  to  obtain  a  homogeneous 
reaction  mixture  by  removing  the  excess  of  undissolved  eater. 
The  filtered  mixture  was  returned  to  a  flask  in  the  thermostat 
and  the  initial  titration  was  made  without  delay.  A  60™*  por- 
tion of  the  filtered  reaction  mixture  was  sealed  up  in  a  tube 
and  placed  in  a  water  bath  at  70°  to  80°  to  be  used  after  several 
days  for  making  the  end  titrations  in  duplicate.  From  time  to 
time  25™"  portions  of  the  reaction  mixture  were  withdrawn 
from  the  flask  in  the  thermostat  and  titrated  with  N/20  or 
N/25  barium  hydroxide,  using  phcnolphchalein  as  an  indicator. 
In  order  to  permit  all  readings  to  be  made  upon  the  scale  of  a 
50™' standardized  burette  with  such  dilute  alkali  a  bulb  was 
sealed  to  the  top  of  tbe  burette  (as  described  in  a  former  papcr^ 
from  this  laboratory)  of  such  size  as  to  allow  the  reading  of 
the  initial  titration  to  fall  within  the  lirst  10™*  of  the  burette 
scale.  In  this  WAy  it  was  possible  to  make  titrations  with  a 
sharp  end-pohit  and  a  minimum  error  due  to  burette  readings 
and  at  the  same  time  a  satisfactory  range  of  titrations  was 
obtained  for  calculating  the  velocity  constants. 

The  time  in  minutes  during  which  the  course  of  each  reac- 
tion was  followed  by  titrations  and  the  constants  calculated 
from  the  velocity  equation  for  monomolecular  reactions  are 
recorded  in  detail  in  Table  I,  and  in  summary  form  in  Table  II. 
In  Table  II  are  also  recorded  the  temperature  coefficients  cal- 
culated for  the  intervals  from  25°  to  35°  and  from  35°  to  45°, 
and  the  ratios  of  the  velocity  constants  of  cyan-substituted 
*DeaD,  this  Journal,  xxiTii,  331. 
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esters  for  decmormal  hydrochloric  acid  at  25°  to  the  velocity 
constants  of  the  corresponding  unsubstituCcd  esters. 

From  the  results  obtained  it  appears  that  the  presence  of  the 
cyanogen  group  in  the  acid  radical  has  in  general  a  very 
marked  retarding  influence  upon  the  velocity  of  the  hydrolysis 
of  the  esters  of  such  acids.  In  this  respect  cyanogen  behaves 
like  hulogen,  but  the  retarding  effect  of  cyanogen,  unlike  that 
of  the  halogens,  is  more  marked  when  the  cyanogen  has  the 
alpha  position  than  when  it  has  the  beta  position.  This  in- 
fluence of  position  was  observed  in  both  the  cyanogen  sub- 
stituted propionates  and  the  cyanogen  substituted  butyrates. 

At  the  temperatures  and  acid  concentration  used  in  this 
series  of  experiments  no  hydrolysis  of  the  cyanogen  group  was 
observed. 


Table  I. 


Hydrol jsiB  at  35° 


12000 

12-7 
]2'0 


Ethyl  a-  Ethyl  a-  Ethyl  o- 
oyan-va-  cjan-iso-  oyau-di- 
lerianate   valerianate    etbylacetat« 


4*55 
4-68 
4-67 


19300 
2-64 
(307)* 

2-S8 
2-31 
2-25 
2-72 


Average         22 '7 


i-4        14'1         20-4        13-9 
*Not  indiidad  io  the  average. 


14580 
2-68 
2-»0 
S-59 
2-37 
2-69 
2-40 


Terage 

9-14 

130 

6-15 

467 

2-50 

2-58 

Hydrolysis  at  85° 

Time 

6060 

6060 

13300 

6930 

6930 

6930 

6930 

22 

5 

33-3 

14-2 

20-6 

13-7 

6 

76 

(7-40) 

24 

0 

33-3 

14-5 

20-1 

13-6 

e 

55 

6-46 

lO'K 

22 

9 

33-5 

13-9 

20-4 

13-4 

6 

32 

7-08 

22 

8 

33-4 

141 

21-0 

14-1 

6 

46 

602 

22 

5 

33-8 

130 

30-4 

14-1 

6 

30 

6-17 

22 

s 

{28-7)* 

13-9 

30-3 

13  5 

6 

54 

6-52 

22 

6 

33-2 

139 

201 

14-6 

6 

51 

6-7] 
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Hydrt 

Ifria  at  40° 

Time 

3240 

3240 

3240 

3240 

3340 

3240 

3240 

47-5 

770 

34-3 

46-6 

31-2 

1-7 -6 

14-5 

47-8 

76-1 

a4-4 

47  0 

30-6 

20-S 

14-7 

45  ■» 

76-4 

35-0 

48-3 

30-e 

19-1 

14-0 

44-9 

74-3 

36-6 

49-2 

30-4 

20-6 

138 

lO'K 

43-8 

72-B 

85-7 

48-2 

31-3 

16-H 

144 

44-4 

71-7 

34-9 

47-0 

31-3 

17-0 

14-4 

44-2 

730 

34-8 

47-9 

31-0 

17-0 

14-8 

44-5 

35-2 

310 

16-6 

rerage 

46-5 

74-2 

351) 

47-8 

31-0 

18-1 

14-4 

Tabu  II. 

N/10  HCl. 

45°. 

Eatets  of  onanlMtitDUd  fatty  aojda.— lO'K. 

Ethy)  pro-        Ethyl  bn-  Ethyl  ieo-       Ethyl  iwra-    Ethyl  diethyl- 

piooate  tyiBte  but;  rate  leriauate  acetate 

40«  236  203  106  57-3 

Eaten  of  eyanogen-snlietitiited  fatty  aolda, — lO'K. 


Ethyl  cyan- 

Ethyl  ayao- 
bntyrate 

a              0 

Ethyl  o- 

oyan-iaOTa- 

acetaU 

914 

13-0 

6-15 

35° 

4-87 

2-50 

2-58 

22-7 

33-4 

14-1 

20-4 

45° 

13-9 

6-49 

«-53 

4S-4 

74-2 

35*0 

47-8 

31*0 

18-1 

14-4 

25" 

to  35° 

2-48 

257 

2-29 

'35° 

to  45° 

2-97 

2-69 

2-ES 

2-00 

2-24 

2-48 

2-34 
Alean  for  10° 

223 

2-78 

2-15 

2-24 

2-41 

2-37 

2-36 

2  60 

2-68 

2-34 

Batio  of  Telocity  conBtantB  for  N/IO  HCl  and  35°. 

Ethyl  acetate 

Ethyl  propionate 0-128 

Ethy!  propionate  . 
Ethyl  butyrate.. 


Ethyl  cyan -acetate 
Ethyl  a- cyan -propionate 
Ethyl  /3- cyan -prop  ion  ate 
Ethyl  a- cyan -Duty  rate 
Ethyl  /3-cyan-butyrate 


,  0-15V 


.  0118 


Ethyl  butyrate 0-169 
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Art,  XLIII.  —  Tkermochenmtry   and    the    Periodic  Law. 

Heatt  of  Combination   Linear  J'linctiona  of  the   Atomic 

Weights  of  Related  Elemevta  ;  by  W.  G.  Mixtee. 
[  Con  tri  bat  ions  from  the  Sheffield  Chemioal  LaboTHtorf  of  Yale  Unlreralty.] 

DiFFEREHT  Writers  have  alluded  to  a  periodicity  in  the 
quantity  of  the  beat  of  formation  of  compoundB.  Mendel^ff* 
^ves  liiurie's  diagram  for  expreseing  the  periodic  variation  in 
the  heat  of  formation  of  chlorides  and  states  (1)  ttiat  "  Tbom- 
seo .  .  .  saw  a  correlation  in  tlie  calorific  equivalents  of  analof^ons 
elements,  altbongb  he  did  not  remark  their  periodic  variation  ; 
(3)  that  tbe  uniformity  of  many  thermochemical  deductions 
must  gain  considerably  by  the  application  of  the  periodic  law, 
which  evidently  repeats  itself  in  calorimetric  data,  and  if  these 
data  frequently  lead  to  true  forecasts,  this  is  due  to  tbe  perio- 
dicity of  the  thermal,  as  well  as  of  many  other  properties,  ae 
Laurie  remarked ;  and  (3)  that  the  beat  of  formation  of  the 
oxides  is  also  sabject  to  a  periodic  dependence  which  differs 
from  that  of  the  heat  of  formation  of  tne  chlorides,  in  that  the 
greatest  quantity  corresponds  with  the  bivalent  metals  of  the 
alkaline  earths  (magnesium,  calcium,  strontium  and  barium) 
and  not  with  the  univalent  metals  of  the  alkalies,  as  is  the  case 
with  chlorine,  bromine  and  iodine,"  There  has  been,  however, 
no  stndy  of  thermochemistry  in  the  light  of  the  periodic  law. 
Sncli  a  study  reveals  more  than  Mendeleeff  suggests  and  sliowa 
in  many  instances  that  the  heat  of  formation  is  a  linear  func- 
tion of  the  atomic  weight.  We  shall  see  tbe  application  of 
this  law  to  elements  of  a  seines  in  Mendel^eff's  claasification 
and  to  the  members  of  a  group  of  closely  related  elements, 
such  as  the  halogens  and  the  alkali-earth  metals.  Also  that 
the  variation  from  linear  in  other  cases  is  quite  uniform. 

The  thermochemistry  of  the  different  series  will  tirst  be 
considered  and  then  the  thermochemistry  of  the  groups. 
Table  I  is  a  convenient  arrangement  of  the  elements  to  use  in 
referring  to  the  periodic  classification. 

Thermoehemiatry  of  the  Seriet. 
The  thermochemistry  of  oxygen  and  chlorine  is  more  com- 
plete than  that  of  any  other  element,  that  is  to  say,  the  beats  of 
formation  of  more  oxides  and  chlorides  are  known  than  of  any 
other  class  of  compounds,  hydrocarbons  excepted.     Hence  only 
oxides  and  chlorides  are  included  in  the  diagram,  fig.  1.     It 
should  be  understood  that  the  total  heats  of  formation  of  the 
higher  oxides  and  chlorides  are  not  represented  but  only  the 
■  PHnciplea  of  Chemistr;,  n,  30. 
Ah.  Jour.  Sci.— Focbth  Sbbibb,  Vol.  XXXTII,  No.  222.—Jxivk,  1614. 
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beat  effects  of  one  eram-atom  of  oxygen  and  two  gram-atoms 
of  chlorine  combining  with  the  different  elements. 

Fie.  1  shows  the  periodic  characteristicB  mentioned  by 
Mende16eff.  It  always  shows  that  the  qnantities  of  heat  fall  in 
a  series  from  the  maximum  with  increasing  atomic  weights 
from  the  metals  to  the  non-metals.  The  irregularities  or  varia- 
tions from  linear  are  due  in  part  to  the  different  molecular 
conditiouB  of  the  elements  combining,  to  the  crystalline  or 
amorphous  form  of  the  compounds  resulting,  and  in  part  to  the 
number  of  atoms  of  oxygen  or  chlorine  in  the  compounds  from 
wliich  tlie  values  are  obtained.  Thus  in  series  2,  Table  I,  we 
have  lithium  which  probably  has  one  atom  in  the  molecule, 
and  boron  and  carbon  with  doubtlees  complex  molecules.  The 
value  taken  for  16  grams  of  oxygen  combining  with  boron  is  1/3 
the  heat  efEect  of  2B  +  30.  "We  do  not  know  what  B  +  O  is 
In  some  cases,  but  not  all,  the  heat  effect  of  the  first  atom  of 
oxygen  is  greater  than  the  second.  Hence  there  is  eome  un- 
certainty attached  to  the  values  derived  from  the  heats  of 
formation  of  sesqui-,  di-  or  trioxides. 

The  values  in  series  3  are  the  heats  of  formation  of  Na,0, 
MgO,  C1,0,  1/3  of  A1,0„  1/2  of  SiO,  and  SO,,  and  l/.^  of 
P,0,.  The  elements  with  even  valence,  magnesium,  silicon  and 
sulphar,  fall  nearly  on  a  line  as  r^ards  their  heat  equivalents, 
while  aluminum,  phosphorus  afid  chlorine,  having  odd  valences, 
fall  on  another  line.  Aluminum  and  phosphorus  oxides  have 
higher  heats  of  formation  than  indicated  by  their  atomic 
weights  and  position  in  the  series.  Potassium  oxide  falls  on  a 
line  between  chlorine  of  series  3  and  calcium  of  series  4.  The 
values  of  the  oxides  in  series  4  are  for  Cr,0,  (1/3),  FeO  and 
MnO,  and  crystalline  TiO.(l/2),  NiO  and  CoO.  Orailting 
MnO,  the  curve  is  fairly  regular  from  CaO  to  CuO.  Tlie  heat 
equivalents  of  the  chlorides  of  the  series  fall  qnite  regularly. 
The  values  in  series  5  are  for  amorphous  CuO  and  ZnO,  and 
crystalline  A8,0,(l/3)  and  SeO,(l/2).  In  aeries  6  strontium 
chloride  falls  on  the  line  between  rubidium  chloride  and  silver 
chloride  of  series.  7,  The  values  for  one  atom  of  oxygen  com- 
bining with  iodine,  csesiuni,  barium  and  lanthanum  are  nearly 
linear.  For  tellurium  it  is  high  and  the  beat  of  formation  of 
TeO,  is  greater  than  that  of  SeO,.  In  series  11  the  values  are 
relatively  low  while  in  series  12  the  quantity  of  heat  evolved 
by  16  grams  of  oxygen  uniting  with  thorium  exceeds  that  of  a 
combination  of  oxygen  with  any  other  element. 

Thermal  data  to  complete  the  diagram  fig.  1  are  lacking  for 
a  number  of  the  rare  elements  and  fluorine  does  not  combine 
with  oxygen  or  chlorine.  In  some  of  the  series  the  quantities 
of  heat  appear  to  be  nearly  linear  functions  of  the  atomic 
weighte.     It  should  he  observed,  however,  as  the  increase  in 
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atomic  weight  from  one  element  to  the  next  is  emftll,  that 
any  variation  from  linear  in  the  diagram  signifies  a  large 
difference  from  what  the  heat  effect  would  he  if  it  were 
a  linear  function.  For  example,  if  silicon  were  on  the  line 
connecting  alominnm  and  phosphorns  its  heat  of  oxidation 
would  be  nearly  as  high  as  ttiat  of  aluininnm. 
,  While  it  is  not  yet  possible  to  account  for  the  irregularities 
shown  by  the  diagram,  this  may  be  stated.  The  rise  or 
fall  iu  the  quantities  of  heat  evolved  by  16  grams  of  oxy- 
gen and  71  grams  of  chlorine  is  fairly  regular  in  a  series. 

ThermochemUtry  of  the  Groups. 

The  heat  eqnivalents  of  the  members  of  a  sub-group  vary 
more  regularly  than  they  do  in  a  series  in  the  Periodic  System. 
Some  marked  peculiarities  in  the  thermochemistry  of  email 
groups  have  been  observed.  For  example,  Thomseo*  states 
that  in  the  gronps,  sulphnr,  selenium,  tellurinm,  and  phos- 
phorns, arsenic,  antimony,  the  heat  of  oxidation  of  the  middle 
member  exceeds  that  of  the  last.  Also — "The  affinity  of 
water  is  greatest  for  baryta  and  least  for  lime"  ;t  and  in  each 
of  tho  groups  of  non-metals  the  affinity  of  hydrogen  is  greatest 
for  the  first  member  and  falls  with  an  increase  of  atomic 
weight.":t  Thomseng  discusses  at  length  the  "  Dependence  of 
the  Thermal  Effect  upon  the  Molecnlar  Weights  of  the  Keact- 
ing  Substances,"  and  states,  "  There  is  at  present  no  satisfac- 
tory answer  to  the  question  as  to  the  relation  between  the 
thermal  effect  and  atomic  weight,  although  some  such  connec- 
tion may  be  observed  in  the  material  under  consideration.'* 
He  apparently  did  not  notice  that  in  a  group  of  three  closely 
ralated  elements  the  one  with  an  atomic  weight  nearly  the 
mean  of  the  other  two  has  a  heat  of  combination  nearly  the 
mean  of  the  others.  For  example,  hydrogen  bromide  has  a 
heat  of  fonnation  the  mean  of  that  of  Iiyarogen  chloride  and 
hydrogen  iodide. 

The  data  used  in  the  discussion  are,  unless  otherwise  stated, 
from  the  Physikalisch-Chemische  Tabellen,  edition  of  1912. 
The  investigators  quoted  are  indicated  by  initials  or  otherwise. 
They  are  Thomsen,  Berthelot,  Beketoff,  Rengade,  deForcrand 
and  some  others.     The  groups  are  taken  up  in  order. 

The  most  closely  related  elements  in  tlie  first  group  are 
potassium,  rubidium  and  ctesium.  The  fundamental  values 
in  the  thermochemistry  of  these  metals  are  derived  from  the 
quantities  of  heat  evolved  when  they  are  dissolved  in  water. 
As  the  results  of  different  investigators  vary,  the  values  in 
Table  II  are  somewhat  uncertain. 
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PotaMinm  Rubidium  Catiiim 

R  +  Aq  46-4  R  47-2  R  4B-6  Cal.  R 

481  T  482  Bek.  51-0  Bek. 
45-3  JohftDiiiB 

2R  +  0  86-8  K  88-6  R  827  R 

B7-1  Bek.  94-e  Bek.  lOO-O  Bek. 

R  +  O  +  H        102-8  deF.  1020  deF.  101-3  d«F. 

R  +  CI  105-2  deF.  &  T  105-9  deF.  109-9  deF. 

■2K  +  S  +  40       343-9  deF.  &  T  3447  deF.  349-8  deF. 

Rengade  appears  to  be  the  only  one  who  has  determined  the 
heats  of  eolntion  of  all  three  of  tne  metals,  name];,  potassinm, 
rubidium  and  cssinm.  Hence  his  results  only  are  iacorporated 
in  Table  III  for  these  values.  For  a  siinilar  reason  deFor- 
crand's  are  taken  for  tiie  chlorides  and  sulphates  siuce  we  have 
only  bis  experiments  on  the  heats  of  formation  of  the  mbidium 
and  csesium  compounds.  The  values  for  KCI  and  K,SO,  are 
derived  from  K  +  O  +  H  =  102-8  and  Thomsen's  data  for 
HCI  and  H,SO„  the  heats  of  neutralization  and  solution.  As 
already  sug^sted,  there  is  some  uncertainty  in  the  thermo- 
chemistry of  the  alkali  metals.  It  is  best,  however,  to  use  the 
results  of  one  investigator  for  analogoas  compounds  as  his 
errors  are  likely  to  be  constant. 

The  numbers  in  brackets  in  Table  III  are  linear  valnes  cal- 
culated from  the  atomic  weights  of  the  three  metals  and  the 
heats  of  formation  of  the  potassinm  and  csBaium  componnds. 


TiBLB  III, 

PoUmiam 

Bobidinm      Linear  valnea 

Cm 

2R  +  Aq 

92-8 

94-5 

B4-8 

96-fi 

3R  +  20  +  2H 

205-6 

204-0 

204-1 

202 

3R+0 

86-8 

83-6 

84-8 

82- 

2R  +  2C1 

211-4 

2n-» 

216-6 

219- 

2R  +  S  +  40 

843-9 

344-7 

346-7 

349- 

The  quantities  of  heat  evolved  when  the  three  metals  are 
disRolved  in  water  are  linear  functions  of  their  atomic  weights. 
The  same  holds  for  the  heats  of  formation  of  the  hydroxides, 
while  the  observed  result  for  rubidium  chloride  is  2  per  cent 
below  the  linear  value,  and  rubidium  sulphate  is  0-6  per  cent 
low.  The  diagram  fig.  2,  where  double  atomic  weights  are 
made  abscissas  and  heats  of  formation  ordinates,  shows  the 
thermochemistry  of  the  tirst  group.  The  beat  effects  of  the 
subgroup  of  potassium,  rubidium  and  eeesium  are  linear,  while 
those  of  the  other  memliers  diminish  irregularly  with  increas- 
ing atomic  weights. 
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The  fandanieiital  values  of  tb«  thermochemistry  of  the 
calcinm,  strontium  and  barium  compounds  are  the  heatR  of 
reaction  of  the  inetals  with  water  or  hydrocliloric  acid.  For 
calcium  we  have  Oa  +  2HCI  =  129-0  Cal.  (Gnntz  &  Bassett) 
and  Ca+Aq  =  94'l  Cal.  (Moisaon).  Tlieee  data  give  re- 
spectively   Ca  +  O  =  151'4  and   145'0  Cal,     For  strontimu, 
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Pis.  3.  Diagram  of  Oronp  I.  The  haaU  of  formatioa  of  the  ozidea  and 
cbloridea  of  lithiam,  potagainm,  rabidinm  and  cnsinm  ara  connMted  by 
heavy  liaea,  of  the  other  eUments  of  th«  group  b;  light  lines. 

8r  +  2HCI  =  11705  (T)  and  1280  Cal.  (Guntz  &  Roederer). 
Using  Thoinsen's  values  for  the  heat  of  sohitioii  of  SrO,  etc., 
we  derive  8r  +  O  =  128  4  (T)  and  139-4  (G.  &  R.).  For 
barium  we  have  only  Guntz's  result,  which  is  Ba  +  Aq  =  92'5 
Cal.,  which  gives  with  Thomsen's  values  l-2(!-4  Ca!.  for 
Ba  +  O.  dePorcrand  by  dissolving  SrO,H,0  and  BaO,H,0 
in  hydrochloric  acid  and  combining  his  results  with  those  of 
Gnntz  found  that   Sr+0  =  1386  Cal.  and  in  more  recent 
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work  137-6  Cal.,  and  6a  +  O  =  125-6  Cal.  GqdU  is  the  only 
one  who  determined  the  heats  of  the  reactions  of  all  three 
metaU  and  hence  hia  valoee  are  need  in  this  paper. 

The  valnee  in  Table  IV  are  from  Qnntz'a  results  and 
Tboraaen's  data  for  heat  of  neatralization  and  solation.  Cor- 
rections are  not  made  for  the  alightly  lower  atomic  weights  ased 
hy  Thomsen  than  at  present  adopted.  The  linear  valnes  for 
the  Btrontinm  compounds  are  derired  as  already  described. 


Tabl*  IV. 

^ 

Calciam 

Strontiam      LinMr  raliiM        BMinm 

R  +  0 

151-4 

139-4 

139-2 

136-4  Cal 

RO  +  HO 

lS-5 

17-7 

18-8 

23-3 

R  +  2H  +  20 

235-3 

226-5 

226-5 

217-1 

R  +  SCI 

190-4 

195-4 

198-5 

196-8 

R  +  S  +  -(0 

338-8 

343-2 

340-0 

341-2 

RO  -1-  SO, 

84-2 

99-fl 

97-8 

111-0 

R  +  C  +  30 

291-0 

291-8 

388-4 

285 -e 

RO  +  CO, 

42-6 

55-4 

52-1 

62-2 

The  experimental  values  for  the  heat  of  formation  of  the 
strontium  compoundB  in  the  table  average  0*8  per  cent  higher 
than  the  calculated  values  with  vsriatJonB  in  some  cases  of 
about  two  per  cent.  The  tabulated  results  make  it  appear 
probable  that  the  heats  of  formation  of  these  componnas  are 
linear  functions  of  the  atomic  weights.  The  thermochemistry 
of  magnesium,  zinc,  cadmium  and  mercury  shown  in  fig.  3 
exhibits  no  such  regularity  and  the  quantities  of  heat  fall 
irregularly  with  increasing  atomic  weights. 

The  thermochemistry  of  the  third  group  includesonly  boron, 
aluminum,  lanthanum  and  thallium  and  is  not  sufficient  for  use 
in  the  discussion. 

The  thermochemistry  of  the  fourth  group  shown  by  fig.  4 
presents  certain  abnormalities  which  will  be  considered  later. 
The  heats  of  formation  of  the  dioxides  of  the  elements  in  the 
even  series  are  CO,,  135;*  TiO,.  218-4;  ZrO„  177-5;  CeO„ 
22-l:-6 ;  ThO,,  322  Cal.  In  tlie  odd  series  they  are  8iO„  195+  ; 
SnO„  135-2;  Pl.O,,  62-4  Cal. 

The  characteristics  of  the  thermochemistry  of  the  fifth 
group  are  shown  in  tig.  5.  The  heats  of  formation,  as  Thom- 
sen  observed,  of  tiie  antimony  compounds  are  higher  than  the 
arsenic.  Phosphorus  combining  with  oxygen  gives  a  larger 
quantity  of  heat  than  antimony,  while  with   the  halogens   the 

•  C  (vapor)  +  20  =  CO,  +  185  Cal.  (T). 

f  Voa   Warteaberg,   Nerast  FeatHchrift,  459,  and   ZentralbUtt,  1912,  II, 
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Pig.  3.  Diagram  of  Group  11.  Thehaat  eqniTalauta  of  oalcinm,  atrontiuin, 
and  bariam  are  od  tUe  beavj  lineB,  of  the  oth«r  elements  of  tbe  groaps  on 
the  light  IIdqb. 
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reverse  holds.  The  onl;  regDiarity  fonnd  in  the  gronp  is  in 
the  heat  of  combination  of  tlie  pentoxides  with  Bodinm  oxide. 
Tlie  values  are  3Na,0  +  P,0,  =  238  ;  3Na,0  +  Ae.O,  =  203  : 


FiQ,  4.  DiaKntm  of  Oroap  IV.  The  heati  of  formatioDs  of  the  dioiidei 
of  BilicoD,  tin  (tnd  lead  are  on  the  heavj  line,  of  the  other  Alements  of  die 
group  OD  the  light  line. 

3Na,0  -f-  Sl),0.  =  164  Oal.  The  number  203  is  4  Cal.  or  2  per 
cent  higher  than  the  linear  value.  The  results  given  are  the 
writer's  and  he  considers  that  new  determinations  are  required 
to  bIiow  whether  or  not  the  heat  effects  of  the  above  reactions 
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are   linear   functions  of   the   atomic  weights  of   phospborue, 
ai-Eenic  and  antimony. 

The  sixth  group  resembles  the  fifth  in  the  irregnlaritiee  of 
heat  equivalents,  and  in  both  groups  the  onl^  linear  values  are 
the  heats  of  combination  of  the  acidic  oxides  with  sodium 
oxide.  For  the  trioxides  of  the  non-metals  of  the  sixth  group 
they  are 

Na,0  +  SO,  Na,0  +  SeO,  Na,0  +  TeO, 

124-0  121'0  [134-0]  124-0  Cal. 


Fig.  S.    Diagram  of  Gronp  V, 

The  nncertainty  in  the  value  121-0  Cal.  is  shown  in  the  article 
on  the  above  compounds.* 
For  the  trioxides  of  the  metals  we  have 


Na,0  +  WO,      Na,0  +  UO. 
94-7  [90-60]  96-1  Cal. 

[101-7] 


Na,0  +  CrO,     Na,0  +  MoO, 

77-0  81-9  (81-61 

[82-9J 

The  calculated  values  are  in  brackets.     Those  in  the  first  row 
aro  derived  from  96-1  -  77  =  19-1  Cal.,  while  829  and  101  7 
cal.  are  derived  from  94-7  -  77  =  17-0  Cal. 
•  ThiB  Joonial,  «li,  488,  1910. 
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Most  of  the  Iieat  equivalents  of  the  sixth  f^roap  were  found 
by  the  writer,*  and  lie  would  call  attention  to  two  of  them, 
namely ;  Na,0  +  WO,  =  tfi'T  Cal.  and  Na,0  +  UO,  =  96  1 
Cal.    The  first  was  derived  by  the  heat  of  combaetion  of  98 


Fia.  6.  Diagram  nf  Qronp  VI.  ThetheTmocbemUtTy  of  itnlphiir,  aeleDiam 
and  t«Unriiim  is  ahown  by  heavy  lines,  that  of  the  other  eleraenta  of  the 
group  by  light  lioeB. 

*Cbromiiim  and  tangatoD,  tbii  Jonmal.  xivi,  12S.  1W8.  Holybdenam, 
BeleDiam  and  tellnrinm,  ibid.,  zxii,  488,  1910.  Uraniam,  ibid.,  xxiiv,  141, 
1912,  and  Zeitechr.  auorg.  Cbem.,  liinii,  33,  ISIS. 
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per  cent  taogeten  with  sodium  peroxide  and  Del^pine  and  Hal- 
lopeau's  W  +  30  =  1963  Cal.  Tlie  heat  effect  of  1  gram  of 
nraninm  trioxide  uniting  with  Bodiain  was  found  to  be  327, 
312,  338  and  330°.  With  such  Bmall  vahies  the  error  may  be 
lai^. 

The  tbermochemistr;  of  the  lialogens  ia  commonly  given  for 
chlorine  gas,  liquid  bromine  and  solid  iodine.  For  comparison 
we  must  regard  the  three  elements  as  in  the  gaseous  state  and 
take  into  account  the  heats  of  vaporization  of  liquid  bromine 
and  solid  iodine.  From  data  in  Abegg's  Handbucb,  IV,  2. 
Abtheilung,  p.  226,  is  derived  7'6  Cal.  for  the  heat  of  vaporiza- 
tion of  one  gram  molecule  of  liquid  bromine  at  common 
temperature.  Nernst*  calculated  the  heat  of  formation  of  two 
molecules  of  hydrogen  iodide  from  gaseous  iodine  to  be  276 
Cal.,  and  Thomsen  (xom  solid  iodine  found  it  to  be  12  07  Cal. 
The  heat  of  vaporization  of  the  one  gram  molecule  of  solid 
iodine  at  common  temperature  derived  from  these  numbers  is 
therefore  14-8  Cal. 

Table  V  is  made  from  Thomsen's  data  with  the  addition  of 
7'5  Cal.  and  14-8  Cal.  to  the  values  of  the  bromine  and  iodine 
compounds  respectively. 


26T{ga8)        IJD««r  valaee 


9H 

44-0 

34-4 

24-0 

2-8 

2Na 

1954 

178-9 

174-8 

153  0 

aE 

311-2 

198-1 

193-S 

176-0 

2Ag 

58-8 

52-9 

50-8 

43-4 

Zn 

97-2 

83-4 

81-6 

64-0 

Cd 

93-2 

83-7 

78-8 

63-6 

Pb 

sa-B 

72-0 

691 

54-6 

2Cu 

65-8 

57-5 

66-8 

47-3 

2Hg 

65-2 

58-5 

55-8 

46-9 

Hg 

54-5 

49-4 

47-6 

41-4 

Table  Y  and  fig.  7  show  that  the  heats  of  formation  of  the 
bromides  are  a  Httle  higher  than  the  mean  of  those  of  the 
chlorides  and  iodides.  It  would  seem  that  this  excess  over  the 
mean  iu  all  cases  cannot  be  dne  to  a  constant  error.  More- 
over, the  results  cited  which  are  Thomsen's  agree  fairly  well 
with  those  of  Berthelot.  When,  however,  we  consider  that,  of 
the  compounds  given,  only  the  heat  of  formation  of  hydrogen 
chloride  liaa  been  found  by  direct  synthesis  and  that  all  of  the 
other  values  are  derived  indirectly,  we  may  question  whether 
the  errors  ai-e  not  as  great  tis  the  variations  of  the  bromine 
■Zeitachr.  Elrctrochemie,  1909,  p.  6S1. 
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compounds  from  the  means  of  the  heata  of  formation  of  the 
chlorine  and  iodine.  The  oxygen  compounds  of  the  group  are 
not  included  in  tlie  diagram  eince  no  oxide  of  bromine  is 
known.  The  bromates  have  a  leea  heat  of  formation  than  the 
chlorates  and  iodates. 

The  elements  in  series  2  of  the  Periodic  System  stand  apart 
from  the  other  elements  in  thermochemieal  as  well  as  in  other 
properties.     The  same  may  be  said  of  the  elements  with  high 


atomic  weights  in  series  10,  11  and  12,  though  the  difierencee 
between  them  and  other  elements  is  not  eo  great  as  it  is  in  the 
case  of  the  elements  of  small  atomic  weights.  Series  3  to  8 
ioclnsive  contains  subgroups  of  elements  having  characteristics 
which  vary  with  increasing  atomic  weights.  The  thermo- 
chemieal data  of  the  elements  in  these  small  groups  are  more 
complete  than  of  the  others  and  hence  the  study  of  the  periodic 
dependence  of  heats  of  combination  on  atomic  weights  is 
limited  with  few  exceptions  to  the  series  3  to  8.  The  heat 
equivalents  of  the  elements  of  some  of  the  subgroups  in  both 
odd  and  even  series  are  linear  or  nearly  linear  functions  of  the 
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atomic  weights.     This  property  appears  in  the  following  small 
groups  in  the  even  seriee : 

Potassium,    rubidium    and    csesinm   of  group      I 
Calcinm,  strontium  and  barium  "        "         It 

Chromium,  molybdenum  and  tungsten 
in  the  combination  of  their  acid 
anhydrides  with  sodium  oxide,  "        "        IV 

In  the  odd  seriee  we  have  linear  values  for 

Phosphorus,  arsenic  and   antimony  of    group    V 

Sulphur,  selenium  and  tellurium  "        "        VI 

in  the  combination  of  their  acid  anhydrides  witbsodinm  oxide. 

Chlorine,  bromine  and  iodine  of  group  VII 

combining  with  hydrogen  and  metals. 

The  six  snbgroups  where  the  heats  of  combination  vary  with 
considerable  regularity  fall  in  five  of  the  large  groups  of  the 
Periodic  System.  Kew  investigations  are  needed  to  determine 
whether  the  values  are  strictly  linear  or  not.  It  is  improbable, 
however,  that  any  wide  variation  from  linear  will  be  lound. 


2Na+0 

aCu+o 

Cu 

1  +  0 

JAg  +  O 

Differences 

101 

41 
136 

37 
17-6 

[54-6] 

6Cal. 

Mg  +  0 

Zn  +  0 

Cd  +  0 

144 

86      [103] 

5J  Cal* 

Difference 

Mg  +  S 
79 

18 

Zn+S 
4l»     [69] 

Cd  +  S 
24  C.l.> 

DifiEerence 

2P  +  50 
370 

18 

2  As  -I-  50 
219     [300] 

SSb-t-50 
330  Cal. 

Difference 

81 

•• 

for  1  atom  of  oxygen 

16 

S  +  30 

Se  +  30 

T.  +  sO 

103 

42      [  93] 

84 

Difference 

fori 

atom  of  oxygen 
KCI  +  30 
-9-8 

51 
17 

KBr  +  30 
-11-3  [  16] 

KI  +  30 
44  Cal. 

Difference 

27 

for  1  atom  of  oxyf^en 

9 

MgO  +  SO, 

ZnO  +  SO 
42     [  68] 

CdO  +  SO, 

65 

62 

Difference 

16 

"ThiaJoDma! 

1,  iizri,  SS,  and  Zeitochr.  uiorgui.  Chem., 

liuiit, 

97,  I9I8, 
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Tlie  study  of  the  irregularities  in  heat  eqiiivaleiits  is  limited 
with  few  exceptions  to  oxides,  as  complete  data  are  lacking 
for  other  compounds.  Coneideratious  are  limited  as  before  to 
subgroups  falling  in  series  3  to  8,  where  all  of  the  Bubgronps, 
in  which  the  heat  equivalent  of  the  middle  member  is  cou- 
siderablj  less  than  the  linear  vahie,  are  in  the  odd  series  3,  5 
and  7.  The  possible  exception  in  case  of  zireoninm,  which  is  in 
the  even  series,  will  be  noticed  later.  Table  VI  contains  the 
heats  of  formation  with  calculated  linear  values  in  brackets 
and  the  differences  between  them  and  the  experimental  values. 

In  four  subgroups  in  series  3,  5  and  7  the  beat  of  oxidation 
of  the  middle  member  falls  below  the  linear  value  the  same 
amount  for  each  atom  of  oxygen  combined,  or  about  17  large 
calories.  The  same  difference  appears  in  the  heats  of  the 
reactions  Zn  +  S  and  ZnO  +  80,.  but  is  less  for  KBr  +  30. 
Data  needed  to  complete  the  study  in  series  3,  5,  and  7  are 
lacking  for  gallium,  indium  and  germauium  and  an  element  to 
follow  molybdennm  is  wanting.  The  heats  of  oxidation  of 
titanium,  zirconium  and  cerium  are  irregular,  as  shown  by  the 
following ; 

Ti  +  20  Zr  +  20  Ce  +  20 

218-4  177-5     [221-5]  224-6  Cal. 

The  heat  of  formation  of  ZrO,  falls  below  the  linear  value 
44  cal.  or  22  Cal.  for  one  atom  of  oxygen.  This  is  a  larger 
difference  than  fouud  in  other  subgroups.  Moreover,  the  three 
elements  fall  in  the  even  series  where  the  heat  values  are 
linear.  Hence  it  appears  probable  that  there  are  considerable 
errors  in  some  of  the  values  for  the  three  dioxides. 

The  conclusion  drawn  from  the  study  of  the  thermochemis- 
try of  the  series  3  to  8  is  this.  The  heat  equivalents  of  the 
elements  of  a  subgroup  are  either  linear  functions  of  the  atomic 
weights,  or  the  heat  of  formatic)n  of  the  oxide  of  the  middle 
member  falls  below  the  linear  value  by  a  constant  amount  for 
,  each  atom  of  oxygen  combined. 

It  is  desirable  that  new  investigations  be  made  of  the  small 
groups,  as  already  suggested,  and  also  determinations  of  the 
lieat  equivalents  which  are  not  known  of  the  rare  elements. 

New  Haven,  Cono, 
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Aet.  XLIV, —  Picking  Out  and  Mounting  Diatoms;  by 
John  M.  Bi^ee, 

The  art  of  eelecting  and  picking  ont  anj  considerable 
number  of  diatoms  from  a  spread  which  contains  a  rariety  of 
species,  and  of  arranging  tne  selected  diatoms  successfally 
for  mounting,  appears  to  be  attained  by  comparatively   few 


persons.  The  methods  by  which  successful  results  are  secured 
are  not  generally  known.  Many  workers  are  able  to  select  a 
limited  number  of  forms  by  the  hand  method  of  picking,  but 
this  method  reqnires  great  concentration  and   nerve   control. 

Among  the  difficulties  to  be  surmounted,  or  at  least  allowed 
for,  are  the  pulse  beats  that  affect  the  hand,  the  high  magniS- 
catioD  making  the  pulsations  quite  apparent. 

In  1895  the  writer  devised  an  apparatus  which  overcomes . 
many  of  the  difficulties.  This  apparatus  is  a  small  pantograph 
made  of  light  wire.  It  reduces  the  motion  of  the  hand 
twenty-six  times.  It  consists  of  a  jointed  parallelogram  (P) 
made  of  number  20  iron  wire.  This  wire  is  flattened  at  the 
points  where  the  rivets  are  placed.  This  parallelogi-am 
measures  live  inches  on  each  side.  Within  this  area,  in  one 
of  its  angles,  is  bnilt  a  minute  parallelogram  twenty-six  times 
smaller  (s).  This  tiny  parallelogram  measures  three-sixteenths 
of  an  inch  on  each  side.  The  apex  of  the  larger  outer  form 
(P)  is  coincident  with  that  of  the  small  inner  member  (s)  and^ 
rotates  on  the  same  rivet.  This  rivet  also  passes  through  a 
short  bit  of  wire  and  on  this  wire  (P)  can  be  rotated  in  its  own 
plane.  This  rotation  gives  (P)  a  horizontal  motion ;  while  the 
short  bit  of  wire  itself  rotates  in  bearings  which  give  an  up 
and  down  motion  at  right  angles  to  the  plane  of  (P),  (P) 
itself  slips  over  and  around  the  body  of  the  microscope. 

The  snort  bit  of  wire  referred  to  has  its  beanngs  held 
about  one  quarter  of  an  inch  above  the  stage  of  the  microscope. 
This  leaves  room  for  a  glass  slip  one  and  one-half  inches  wide 
and  six  inches  long  to  move  underneath.  A  piece  of  sheet  tin 
is  bent  so  as  to  form  a  clip  to  spring  over  the  farther  edge  of 
the  microscope  stage,  and  to  this  piece  of  tin  the  bearings  of 
the  short  piece  of  wire  are  attached  by  supporting  strips. 

In  use,  the  diagonally  opposite  apex  of  (P)  is  to  be  held  in 
the  hand  and  a  short  and  finely  pointed  hair  is  attached  by 
wax  to  the  corresponding  apex  of  (s).  Thishair  is  the  implement 
for  picking  up  the  diatoms,  and  points  in  a  downward  direction. 
The  diatom  spread  is  made  on  a  cover  glass,  and  from  this 
spread  the  selections  are  to  be  made. 

This  cover  glass  is  attached  by  moisture  to  the  first- mentioned 
slip  of  glass.     The  cover  glass  to  which  the  diatoms  are  to  be 

Ah.  Joor.  Sol— Fourth  Series,  Vol.  XXXVII,  No.  232. -June,  1HI4. 
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traiiBferred  is  also  attached  to  this  slip  by  wetting.  The 
microscope  is  inclined,  and  the  slip  of  plaes  rests  on  the  st^^ 
and  slides  on  the  top  edge  of  a  thin  strip  of  wood  which  also 
rests  on  the  stage.  This  strip  may  be  one-half  inch  in  nidtli  and 
one  foot  long.  Attached  to  this  strip  of  wood  from  below  are 
two  broader  stripe  which  come  lerel  with  the  top  of  the  stage, 
and  form  a  shelf  or  a  rabbet  along  which  the  slip  of  glass  can 
slide.  This  narrow  shelf  forms  a  lateral  extension  to  the 
stage  of  the  microscope.  Strips  of  wood  attached  by  screws 
to  the  siielf  from  below  bind  it  to  the  stage.  These  clamping 
pieces  allow  the  shelf  to  be  pushed  np  and  down.  The  cover 
glasses  mentioned  can  also  be  pushed  up  or  down  on  the  glass 
slip,  provided  we  preserve  the  moisture  nnder  them.  The 
pantograph  can  be  adjusted  in  posttioo  by  slipping  the  tin  clip 
on  the  microscope  stage. 

(P)  is  so  arranged  aud  adjusted  that  the  point  of  the  hair 
coniea  into  the  field  of  the  microscope.  When  it  is  desired  to 
leave  (P)  for  a  time  out  of  hand,  a  temporary  support  is 
provided  so  that  the  point  of  the  hair  is  held  jnst  at  the  top  of 
the  field  of  view  but  raised  a  little  so  as  to  be  partly  out  of 
focus. 

When  all  the  adjustments  are  completed  the  working  of  the 
apparatus  is  as  follows :  The  glass  slip  is  moved  along  on 
its  shelf  to  bring  the  spread  into  view,  and  the  hair  point  is 
employed  to  loosen  any  desired  diatom.  This  selected  diatom 
is  tlien  picked  np  by  the  hair.  In  very  dry  weather,  electrical 
action  often  causes  a  good  deal  of  trouble.  Diatoms  will 
sometimes  suddenly  jump  out  of  the  field.  If  we  are  success- 
ful in  holding  the  diatom,  it  is  then  raised  and  the  glass  slip  is 
moved  to  the  position  which  brings  the  desired  part  of  the 
reception  cover  into  view,  and  the  diatom  is  deposited  at  or 
near  the  desired  place  and  worked  about  with  the  point  until 
it  is  satisfactorily  located.  We  now  breathe  upon  the  located 
diatoms  through  a  flexible  tube,  which  tube  is  attached  in 
proper  position  for  this  purpose  to  the  microscope  objective. 
Gentle  breatliiug  causes  adhesion  to  the  prepared  cover  glass. 

The  preparation  of  the  cover  glasses  is  as  follows :  The 
covers  are  cleaned  so  that  liquid  will  flow  freely  over  them 
without  creeping.  They  are  then  dipped,  while  held  singly  in 
dean  forceps,  in  filtered  gelatine  solution  containing  teugrains 
of  gelatine  and  five  grains  of  sugar  to  the  ounce.  This  is 
sometimes  diluted  to  two  volumes.  The  sugar  may  at  times 
be  omitted.  We  endeavor  to  adapt  the  gelatine  solution  to 
the  atmospheric  conditions  at  the  time  of  coating.  The 
gelatine  itself  may  vary  in  quality.  The  aim  is  to  make  this 
coating  sufficiently  adhesive  to  hold  the  diatoms  and  at  the 
same  time  not  to  have  it  run  in  and  obscure  them.     Contact 
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witli  the  finf^ers  mast  be  avoided.  The  covers  are  now  stood 
on  edfi^e  to  drain  and  dry.  Then  a  small  central  rinf;  mav  be 
span  on  thetn,  and  also  a  marginal  ring  to  be  mentioned  later. 

In  this  way  any  desired  namber  of  diatoms  can  be  collected 
and  located.  It  is  well  to  have  un  intermediate  stamping 
ground  for  temporarily  depositing  the  selected  diatoms  where 
they  can  be  cleared  from  adhering  fragments  before  finally 
locating  them.  It  is  important  to  have  all  these  cover  glasses 
of  the  same  thickness  so  that  no  time  will  be  lost  in  focusing 
as  we  pass  from  one  to  tlie  other. 

One  difficulty  in  picking  up  from  a  diatom  spread  will  be 
found  due  to  adhesion  to  the  glass  surface.  This  adhesion 
is  caused  by  dissolved  silica,  or  by  some  other  soluble  snbstance 
which  may  come  from  the  glass  surfaces,  or  from  the  water  in 
which  the  diatoms  are  suspended.  We  may  prevent  this 
adhesion  in  part,  by  repeated  settlings  from  fresnly  distilled 
water;  but  at  the  best,  some  of  the  more  delicate  shells  will 
often  break  before  they  can  be  detached. 

The  writer  has  recently  tried  a  plan  which  promises  to  be  a 
help  in  such  cases.  This  plan  is  to  grind  down  thin  slips  of 
baked  pipe  clay  or  similar  material.  This  material  is  then 
finely  surfaced  and  ignited  to  drive  ofE  mobture.  These  slips 
may  be  blackened  by  charring  sugar  solution  which  can  be 
soaked  into  them.  They  are  then  scrubbed  in  order  to 
remove  adhering  particles,  and  again  heated  to  drive  off 
moistnre.  The  diatom-spreading  pipette  is  then  drawn  across 
the  surface  and  the  liquid  is  at  once  absorbed  before  it  has 
time  to  dry  on  the  surface  and  cause  adhesion  of  the  diatoms. 
Forous  arc-light  carbon  may  be  ground  down  tbin  and  used 
for  this  purpose.  Reflected  light  must  be  used  over  these 
opaque  surfaces.  A  two-thirds  objective  wilt  give  sufficient 
working  space,  and  the  eye-piece  should  be  an  erecting  one, 

Monobromide  of  naphthaline  has  usually  been  regarded  as  a 
difficult  monntant  to  make  secnre.  Several  of  the  monobromide 
mounts  made  by  the  writer,  however,  in  1895  have  kept  in 
good  order  up  to  this  date.  For  this  reason  it  may  he  of 
interest  to  give  some  account  of  the  method  used  in  preparing 
them.  They  were  sealed  with  gelatine. '  The  refraction  power 
of  the  unmixed  monobromide  used  appears  not  to  have 
soSered  by  lapse  of  time.  Loss  of  refractive  power  has 
been  reported  to  have  occurred  when  a  wax  seal  was  employed. 

The  glass  covers  that  have  be.en  coated  with  thin  gelatine 
in  the  way  that  has  been  described  are  next  given  a  marginal 
ring,  and  the  reception  slide  itself  is  also  given  a  preparatory 
ring.  This  treatment  secures  reliable  contact  of  gelatine 
and  glass,  as  both  gelatine  rings  are  dried  before  the 
monobromide  is  applied.    A  binding  ring  of  warm  gelatine 
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completes  the  adliesion  of  the  two  frelatine  fines  after  the 
monobromide  hae  been  included.  After  this  sealing  ring  lias 
dried  and  has  proved  to  be  secnre,  aud  not  till  then,  a  iinal 
ring  of  shellac  is  applied.  Any  other  cement  that  will  resist 
the  action  of  immersion  fluids  can  be  used  in  place  of  shellac. 
A  recent  sample  of  bleached  lac  has  developed  fine  cracks  on 
drying.  The  older  slides  did  not  show  these  cracks,  in  the 
rings.     The  use  of  shellac  is  to  protect  the  gelatine  from  damp. 

The  gelatine  preparatory  rings  were  composed  of  gelatine 
twenty  grains,  sDgar  ten  grains,  and  water  two  and  one-half 
drama.  These  preliminary  rings  need  not  be  thicker  than  the 
height  the  diatoms  makes  necessary.  Experience  has  shown 
that  these  rings  shonid  be  broad,  and  that  the  sarfacee  of 
contact  should  be  pei'fectly  even.  The  final  sealing  gelatine 
ring  may  be  made  of  more  concentrated  gelatine,  rendered  as 
thick  by  evaporation  of  a  portion  of  the  original  preparation 
as  will  flow  easily  from  the  brash.  The  flow  will  depend  to  a 
great  extent  upon  the  temperature  of  the  room. 

This  gelatine  seal  can  also  be  used  for  holding  the  solution 
of  phosphorus  in  carbon  disulphide  when  this  solntion  ia 
employed  as  a  mounting  medium. 

WeatTiUe,  Coqd. 
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Abt.  XLV. — The  Chemical  Composition  of  Bomite  and 
its  Relation  to  Other  Sulpho-Mtnerahi*  •  by  E.  H.  Kradb 
and  J.  P.  GoLDsBERBT,  with  one  text-figure. 

Introduction. 
Is  September,  1912,  the  Mineralogical  Laboratory  of  the 
University  of  Micliigan  purchased  from  the  "Ward's  Natural 
Science  Establishment  ol  Rochester,  N.  Y.,  four  specimens 
consisting  of  well-developed  crystals  or  crystal  aggregates  of 
boinite  from  Bristol,  CoDneeticut,  The  material  was  a  part  of 
an  old  collection  which  had  recently  come  into  the  possession 
of  this  firm.  As  crystallized  bomite  is  very  rare,  it  was 
thonght  advisable  to  study  this  material  first  crystallographic- 
ally,  and  then  cbemicallj,  even  though  some  of  the  crystals 
would  have  to  be  sacrificed,  in  order  to  determine  whether  or 
not  some  light  might  be  thrown  upon  the  question  of  the  com- 
posittoD  of  this  mmeral. 

Crt/etalloffraphy. 

Crystals  of  bomite  from  Bristol,  Connecticut,  have  already 
been  studied,  and  according  to  Danaf  the  following  forms  and 
combinations  noted:  (100),  (110);  (HI),  (110),  (100);  and 
(111),  (110),  (211).  On  the  fonr  specimens  at  our  disposal  all 
of  these  forma,  with  the  exception  of  the  octahedron  (111) 
were  observed,  and  in  addition  the  following  were  also  noted: 
(221),  (322),  (433),  (411),  (522),  (533),  and  (833).  Of  these 
(221),  (433),  (411),  (522),  and  (833)  are  not  listed  by  Gold- 
fichmidtit  and,  hence,  are  to  be  considered  as  new  forms  for 
bomite.  As  will  be  shown  later  all  of  these  forms,  with  the 
possible  exception  of  (411),  are  to  be  considered  as  well  estab- 
lished. 

Specimen  1, — This  is  a  portion  of  an  extremely  well-developed 
crystal,  but  only  the  faces  of  one  octant  are  present.  The 
greatest  length  of  the  specimen  measured  about  2-5™.  The 
observed  forms  are  rf (110),  i(221),  and  i(211).  Although  the 
faces  are  not  all  of  a  uniform  size  dillVi)  predominates.  One 
face  of  i(211)  is  the  largest  on  the  crystal,  the  other  two  being 
of  intermediate  sizes.  Two  of  the  faces  of  ^(221)  appear  as 
small  triangles,  the  third  aa  a  narrow  plane  between  i  and  d. 
Fig.  1  shows  the  sizes  and  distribution  of  the  various  faces. 
All  planes  are  striated,  and  the  orientation  of  these  striations, 

*  Bead  before  the  Geological  Society  of  America  at  the  Priacetou  meeting, 
JaDTuir;  1,  1914. 

iSjatem  of  Mineralogy,  6th  edition,  4S,  166S. 
Atlas  der  KryBtallformeii,  IBIS,  I  (text),  248. 
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9A  eliown  in  fig.  1,  indicAtea  the  symmetry  of  the  hexocta- 
hedral  (holoheopal)  class  of  the  cubic  system.  The  lower  por- 
tion of  this  crystal  was  subsequently  sacrificed  for  the  chemical 
analysis. 

^Koimen  2. — The  following  forms  were  noted :  flOO),  (211), 
(822),  (483),  (522),  and  (338).  The  faces  were  not  nearly  ss 
well  developed  as  on  specimen  1.  Due  to  an  oscillatory 
development  of  the  various  forms,  tetragonal  pyramids  were 
built  up  on  the  faces  of  the  cube,  whereas  trigonal  pyramids 

Fio.  I. 


were  formed  on  the  corners  of  the  same.  The  cube  faces  are 
the  largest  on  the  crystal,  the  others  being  usually  quite  small. 
The  faces  of  the  cube  were  dull  and  gave  rather  poor  reflec- 
tions. The  signals  obtained  from  the  faces  of  the  other  forms 
were,  however,  Buffieiently  good  to  establish  their  identity. 
Some  of  the  faces  of  the  tetragonal  trisoctahedrons  were 
striated  as  shown  in  fig.  1. 

Specimen  5,^This  is  a  small  crystal  aggregate  about  1-25'" 
in  length.  The  individual  crystals  showed  the  following 
forms:  (100),  (211),  (322),  (433),  (522),  and  (633).  Of  the 
various  forms,  which  were  developed,  those  of  the  cube  are  the 
largest. 

Speeimen.  ^ — This  was  a  crystal  aggregate  measuring  several 
centimeters  in  length  and  made  up  of  small,  well  developed 
cubes.  The  entire  specimen  was  sacrificed  for  the  chemical 
investigation. 

In  general  there  was  a  close  agreement  between  the  averages 
of  the  observed  readings  and  the  calculated  values  for  the  dif- 
ferent angles,  as  is  shown  in  the  following  table : 
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Obeerred 

Cftlcolatod 

(110) 

:  (101) 

ao^is' 

60" 

(no) 

:  {H2 

30  2 

30 

(no) 

:  {22li 

19   40 

19  28' 

211) 

:  (121) 

33  43 

33  34 

322) 

:  (232) 

19  41 

19  45 

411) 

■   (141) 

60  3d 

60 

433 

:  (343) 

13  45 

IS  66 

(522) 

:  (252) 

43   15 

43  21 

(633) 

:  (363) 

25  4 

24  S5 

Of  the  new  forma  for  bornite  (221),  (483),  (411),  (522),  and 
(833),  only  (411)  should  be  conBidered  asdoubtfnl.  The  iden- 
titication  of  this  form  is  based  upon  onlj  one  measurement,  the 
observed  anele  differing  from  the  calculated  by  28  minutes. 
Tlie  values  for  all  the  other  angles,  given  in  the  table,  are  the 
averages  of  from  two  to  eight  readings. 

Earlier  Interpretations  of  the  Chemical  Compositioti* 
For  over  one  hundred  years  the  chemical  composition  of 
bornite  has  been  the  Bubiect  of  much  discuBsion  among  min- 
eralogists. Based  upon  tiie  results  of  the  earliest  analyses  of 
this  mineral,  Hisinger,  Phillips,  and  Berzelius  assumed  bornite 
to  be  a  mixture  of  the  sulphides  of  copper  and  iron,  as  follows : 
2Cu,S  +  FeS.  Plattner  in  1839  analyzed  specimens  of  bornite 
from  five  different  localities  and  concluded  that  the  composi- 
tion of  crystallized  bornite  should  be  expressed  by  the  formula 
30a, S  -I-  Fe^S,.  He,  however,  considered  massive  bornite  as 
being  variable  in  character,  that  is,  a  mixture  of  bornite  of  the 
above  composition  with  chaleopyrite  and  chalcocite.  In  1840 
Scbaffgotech  concluded  that  the  composition  of  massive  bornite 
could  be  best  indicated  by  varying  combinations  of  Fe,S,  and 
Cu.S,  thns  one  Fe,S,  with  eitlier  3,  5  or  9Cu,S.  A  little  later, 
in  1841,  Rammelsberg  considered  Fe,S,.3Cii,S  as  the  correct 
formula,  but  assumed  the  admixture  of  varying  amounts  of 
Cn,y  in  some  varieties.  In  1831  Forbes  thought  the  com- 
position of  bornite  should  be  represented  by  the  following 
three  mixtures :  CuS  +  2Cn,S,  CuS  +  Cu.S,  or  2CuS  +  Cu,S. 
Forbes,  however,  assumed  that  iron  partially  replaced  copper. 
By  heating  varying  quantities  of  Cu,0,  CuO,  and  Fe,0,  in 
a  current  of  H,S  at  a  temperature  of  about  200°  0.,  Doclter,t 
in  1885,  obtained  small  cubical  crystals  which  he  thought  were 
bornite.  The  analyses,  however,  did  not  lead  to  any  of  the 
*  Tbis  snmiQBTy  is  baaed  largely  apon  Wmtxv'a  r^Bnm^,  Haudbnch  der 
HiDeralogie,  I,  p.  905,  where  refereDCes  to  the  oiigiual  contribQtioDB  maybe 

fZeitBcbr.  Eryst.,  li,  36,  1836. 
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then  recognized  formulas  for  borDite.  Doelter,  therefore,  con- 
cluded that  horoite  could  be  considered  as  an  isomorphous 
mixture  of  Cii,S,  CuS,  and  Fe,S„  in  varying  proportious- 

Rammeleberfi;  revised  his  earlier  ideas  in  1895  and  gave  as 
the  general  formula 7>Cu,S.jCu8.rFeS,  in  which  the  relation- 
ship of  the  metals  to  the  eulphnr  conid  vary  greatly.  Rain- 
meUberg  further  considered  the  composition  of  crystallized 
bomite  as  Cn,S.OuS.FeS  =  Cu.FeS,,  but  to  some  varieties  he 
assigned  the  formula  Cn„Fe,S,. 

(iroth*  in  1898  interpreted  bornite  as  Cn,FeS„  and  placed 
it  in  a  proup  with  chalcopyrite,  CuFeS,,  and  barnhardtite, 
Ca,Fe,S,.  These  three  minerals  were  thought  to  be  deriva- 
tives of  Fe(8H),.  More  recently  Harrington, f  in  1903,  ana- 
lyzed some  crystallized  bornite  from  Bristol,  Connecticut, 
obtained  from  the  Brush  Collection  of  minerals  of  Tale  I7ni- 
verBity,  and  concluded  from  the  results  of  the  analysis  of  this 
and  other  matorial,  and  also  from  a  study  of  previous  analyses, 
that  the  chemical  composition  of  bomite  is  best  indicated  bv 
the  formula  Cu,.Fe,S.  or  Cu.FeS.. 

CA^mical  Investigations. 

Inasmuch  as  crystallized  bornite  is  exceptionally  scarce  it 
was  thought  advisable  to  use  some  of  the  material  for  an 
analysis,  and  accordingly  all  of  specimen  4  and  a  portion  of 
specimen  1  were  sacrilieed  for  this  purpose.  Specimen  4  con- 
sisted of  an  aggregate  of  cubical  crystals.  These  were  covered 
with  a  dark-colored  coating  which  was  thoronghly  removed 
before  the  material  was  crushed  for  the  analysis.  The  material 
from  specimen  1  was  the  lower  portion  of  the  crystal  repre- 
sented by  tig.  1,  and  was  entirely  free  from  any  superficial  coat- 
ing. The  material  was,  as  far  as  could  be  determined  by  the 
ordinary  methods,  homogeneous  in  every  respect.  This  was 
later  substantiated  by  a  careful  metall<^raphic  study  of  speci- 
men 1, 

Sulphnr  was  determined  by  oxidation  to  the  sulphate  with 
sodium  peroxide  and  precipitation  as  BaSO,.  The  copper  was 
determined  electrolytically,  and  the  iron  volumetrlcally  by 
oxidation  with  potassium  permanganate.  The  specific  gravity 
of  specimen  1  was  determined  as  5'086  at  ordinary  tempera- 
tures.   The  results  of  the  analysis  are  as  follows ; 

I  n  Avemge  Ratios 


Copper  ...  65-42^      e5-91'«       85-065^       1-03296         12000 

Iron 9-74  9-G7  9-705         0'17377  2-019 

Sulphur .. .  24-79         24-61         24-6S0         0-76863  8-927 
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The  above  analysis  leads  to  the  formula  Cu„Fe,S,.  This 
formula  differs  materially  from  the  one,  Cii„Fe,S„  derived 
by  Harrington  from  an  analysis  of  crystallized  bomite  from 
this  same  locality,  namely  Bristol,  Connecticut. 

Inasmuch  as  we  were  confident  that  our  material  was  well 
crystallized  and  homogeneous,  and  the  methods  of  analysis 
could  not  be  questioned,  it  was  thought  desirable  to  obtain  and 
analyze  some  of  the  material  used  by  Harrington  for  his 
analysis.  Through  the  courtesy  of  Professor  W.  E.  Ford  a  suf- 
ficient amount  of  bornite  from  specimen  No.  805  of  the  Brush 
Collection  of  minerals  of  Yale  University  was  placed  at  our 
disposal.  This  material  was  from  the  same  specimen  from 
which  Harrington  obtained  his  material.  That  the  two 
analyses  agree  very  closely  is  clearly  shown  by  the  following 
comparison : 

HaiTJiigton  Krans  and  Goldsberrj 


Ratios  Ratios 

Copper...  63-24!«     0-9948     10000  63-18;S  0-9939     10-000 

Iron 11-20       0*2005       2-016  11-38  0-2038       2-061 

Sulphur..   25-54       0-7964       8-005  25-43  0-7929       7-978 


Since  our  analysis  of  this  material  agrees  very  closely  with 
that  made  by  Harrington  and  both  lead  to  the  formula 
CB„Fe,S„  we  are  confronted  by  the  fact  that  here  is  a  mineral, 
specimens  of  which  from  a  single  locality  show  a  variable  com- 
position. It  should  be  stated  at  this  point  that  the  material 
used  by  Harrington,  and  also  by  us  iu  checking  his  analysis, 
was  from  a  large  specimen  a  portion  of  which  is  very  well 
c^stallized.  Harrington  had  determined  the  specitic  gravity 
of  this  material  to  he  5'072.  It  will  also  be  noted  that  this 
value  is  somewhat  lower  than  that  obtained  by  us  on  our 
material  from  Bristol,  Connecticut,  nameiy  5"086. 

MetuUographic  Investigation. 
In  order  to  be  certain  that  the  material  used  for  these 
analyses  was  homogeneous,  surfaces  were  ground  at  random 
on  our  specimen  No.  1  and  on  one  of  the  larger  fragments  used 
for  the  check  analysis  of  the  Harrington  material.  This  metal- 
lographic  investigation  was  carried  out  on  specimen  No.  1  sub- 
sequent to  the  making  of  the  analysis  leading  to  Cu„Fe,8„  but 
on  the  Harrington  material  before  the  analysis  was  begun. 
The  surfaces  were  polished  and  examined  under  a  metallo- 
graphic  microscope  with  magnifications  of  85,  135,  200,  and 
about  400  diameters  without  revealing  the  presence  of  any  in- 
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elusions  or  admixtures.      The  surfaces  showed  absolute  homo 

fsneity,  which  was  farther  coofirmed  b;  etching  with  nitro- 
^drochloric  acid. 

Interpretation  of  the  Chemical  Data. 

It  is  now  clearly  evident  that  the  material  investigated  con- 
sisted, in  the  cases  referred  to,  of  cn-stallized  bomite,  was 
homogeneous,  possessed  difierent  specific  gravities,  and  showed 
mark^  differences  in  chemical  composition.  That  the  analyses 
of  crystallized  bomite  made  by  earlier  investigators  had  also 
led  to  the  formula  Cn,Fe,S,  mnst  be  emphasized  here.  We, 
thus,  have  three  formulas  which  may  be  used  to  express  the 
composition  of  the  mineral  we  usually  call  bornite,  namely 
Cu.Fe,S„  Cii„Fe,S.,  and  Cii„Fe,S,.  It  is,  therefore,  necessaiy 
to  determine  how  tliid  great  variation  in  composition  can  be 
explained  most  satisfactorily. 

With  this  in  mind  the  various  analyses  of  bornite  and  chal- 
cocite,  as  listed  by  Hint2e,*  were  calculated  for  the  possible 
formulas  they  might  yield.  The  analyses  of  chalcocite  were 
included  in  this  study  because  it  was  found  that  one  of  them 
leads  directly  to  the  formula  Cu,Fe,S„  the  one  very  commonly 
accepted  for  bornite.  Another  reason  for  including  chalcocite 
is  the  fact  that  this  mineral  usually  contains  iron  in  varying 
amonnts  and,  when  massive,  may  resemble  in  many  ways  some 
bomites.  Of  the  various  analyses  considered,  it  was  found 
that  thirty-eight  lead  quite  directly  to  definite  formulas.  The 
following  table  shows  the  various  formulas  which  resulted, 
arrangea  in  order  of  increasing  copper  content.  The  number 
of  analyses  yielding  these  formulas  is  indicated  in  each  case, 
and  where  possible  the  specific  gravity  is  also  given.  It  will 
be  noted  that  by  adding  to  the  list  the  compound  Fe,S„ 
not  as  yet  found  in  nature,  chalcopyrite,  barnhardtite,  and 
chalcocite,  a  most  interesting  series  from  Fe,S,  to  Cu,S  can  be 
arranged. 

Name  of  Specific  Number  of 

mineral  gravity  Fonnnia  MuHyate 

Fe,S, 

Chalcopyrite 4-2  C»,  Fe,S. 

Barnhardtite 4-f>21  Cu,  Fe,S, 

Bomite 4-9  Cu,  Fe,S.  4 

"       Cu,  Fe,S,t  S 

"       5-072  Cu,,Fe,S,  17 

"       5-086  Cu„Pe,S,  4 

*Loc.  cit.,  pp.  914-910  and  03T-638. 

f  This  conforma  to  tha  formnia  generally  accepted  for  tetrahedrite,  we 
pag*  549.  Sume  capriferonti  tetrabeddtes  posaeea  specific  gravities  eligbtiy 
over  5  ;  Dana,  Syetem  of  Mineralogy,  1S92,  6th  edition,  pp.  189-140. 
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Bomite 5-248  Cn„Fe,S„  5 


CD,.Fe,S,.  1 

'...  Ca..Fe,S„  1 

'...  Cii,.Fe.8.,  1 

Chaicocite 551  Cu.S 

It  appears  then  that  there  is  here  a  regular  progression  in 
tlie  chemical  composition,  by  the  addition  of  Cu,S,  from  the 
end  member  Fe,S„  tbrongh  to  chaicocite,  the  other  end  mem- 
ber. The  specitic  gravities,  as  far  as  determined,  seem  also  to 
show  a  steady  increase  from  the  lower  value  to  the  highest, 
namely  to  that  of  chaicocite.  Farthermore,  the  composition  of 
any  member  of    the  series  can  be  expressed  by  the  general 

formula  Cu.Fe.S^,  -where  y=  s-  +  3- 

The  criticism  may  be  raised  that  the  evidence  for  the  exist- 
ence of  some  of  the  compounds  included  in  the  above  list  is  not 
sufficient,  especially  for  those  having  large  molecules.  Further, 
that  there  is  no  positive  evidence  that  the  material  used  for 
anttlysis  was  always  homogeneous,  not  having  been  examined 
metal lographically.  In  reply  to  these  criticisms,  it  may  be 
stated  tuat  there  are  many  snlpho-minerals  the  chemieal  com- 
positions of  which  have  not  been  questioned  and  which  have 
not  been  studied  metal  lographically.  In  fact^  there  are  few 
minerals  which  liave  been  investigated  in  this  way.  Also, 
there  is  no  donbt  in  onr  minds  but  that  the  analysts  in  each 
case  endeavored  to  get  as  homogeneous  material  as  possible, 
and  that  Cu„Fe,S,„  for  example,  with  but  only  one  analysis  at 
present  as  a  basis,  mast,  nevertheless,  be  coasioered  as  a  definite 
compound,  being  analogous  in  composition  to  the  well-estab- 
lished polybasite,  Ag„Sb,S„.  The  composition  of  many  minerals 
is  based  upon  more  meager  evidence  than  this,  for  example, 
that  of  prolectite.  Although  this  mineral  has  never  been 
analyzed,  Mg[Mg{F,OH)],SiO,  is  assumed  as  its  formula  since 
its  elements  of  crystallization  are  such  as  to  place  the  mineral 
in  the  huniite  group.*  This  question  of  the  composition  of  the 
various  members  of  the  above  series  will  be  discussed  again. 

There  are  few  crystallographic  data  at  present  available  with 
*Oroth,  loo.  cit,  llB-120;  Sjogren,  Ball.  O.  Inst,,  Upsala,  1S92,  1,  40, 
also  1804,  2,  W  ;  Dana,  loc.  oit.,  Ut  Appendix,  1809,  55;  DoelUr,  Handbach 
der  Uineralcbemie,  1918,  II,  813-824. 
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respect  to  the  various  members  of  this  eeries,  but  from  what  is 
known  the  cr^etallization  of  the  various  raembere  may  be  inter- 
preted as  being  either  cubic  or  paeudo-cubic.  The  members, 
commouly  called  bomite,  from  Cn,Fe,S,  to  Ca„Fe^,  are  kuown 
to  belong  to  the  cubic  system,  Chalcopyrite,  Cu,Fe,S„  is  tetra- 
gonal, but  peendo-cubic,  as  is  clearly  indicated  by  its  elements 
of  crystallization :  a:c=l:  0'9856,  Chalcocite,  Cn,S,  is 
recognized  as  orthorhombic,  a  :b  :  c  =  0"5822  :  1  :  0'9702, 
being  the  axial  ratio  given.  If,  however,  the  length  of  the  a 
axis  be  doubled,  and  tliie  does  not  caase  seriouB  difliculty  with 
the  resulting  indices,  we  obtain  a  :  J:  tf  =  1-1644  :  0-9702, 
clearly  indicating  a  pseudo-cubic  character.  Generally  chal- 
cocite is  interpreted  as  pseudo-hexagonal  on  account  of  the 
value  of  the  prism  angle  being  60°35  .  It  should,  however,  be 
pointed  out  tnat  the  rhombic  dodecahedron  of  the  cubic  system 
also  possesses  angles  of  60°  and  may  accordiogly  be  held  so  as 
to  snow  an  hexagonal  development.  In  fact,  beginners  in 
crystallography  often  make  this  mistake  when  endeavoring  to 
orient  tbe  rhombic  dodecahedron.  Furthermore,  Groth* 
points  out  that  Cn,8  may  also  be  cnbic.  According  to  him  the 
cubic  modification  is  formed  at  high  temperatures  and  on  cool- 
ing passes  over  into  the  orthorhombic. 

It,  therefore,  appears  that  from  the  crystallographic  stand- 
point tbe  relationships  between  the  various  members  of  this 
series  are  in  accord  with  the  conception  of  a  regular  progres- 
sion in  the  chemical  composition.  In  order  to  test  this,  the 
meager  data  concerning  specific  gravities  and  crystallization  of 
the  members  of  the  series  have  been  made  use  of  in  calculating 
the  topical  axes.  In  doing  this  barnhardtite  has  been  assumed 
to  be  cnbic.  The  specific  gravity  of  chalcocite  is  that  of  some 
crystallized  material  from  Cornwall,  England,  and  was  recently 
determined  in  this  laboratory.  The  elements  of  crystallization 
used  for  chalcopyrite  and  chalcocite  are  those  given  above. 

In  determining  the  values  of  M,  the  molecular  weight,  and 
V,  the  equivalent  volume,  Fe,S,  and  Cu,S  were  interpreted  as 
the  end  members  of  the  series,  and  the  various  intermediate 
members  as  transition  products.  Hence,  if  tbe  regular  mole- 
cular weights  be  assigned  to  Fe,S,  and  Cu,S,  those  for  chal- 
copyrite, barnhardtite,  and  so  forth,  are  to  be  obtained  by  assum- 
ing the  composition  of  chalcopyrite,  Cu,Fe,S„  to  be  Cu,S.Fe,S„ 
that  is  the  molecular  weight  of  chalcopyrite  may  be  placed 
equal  to  the  sum  of  one-half  of  the  molecular  weights  of  each 
of  the  end  members,  namely  183'56.  In  a  similar  manner  the 
weights  of  the  other  intermediate  members  of  the  series  were 
obtained. 

■  Chemiiche  Er^BtaUographie,  i,  13S,  1S06. 
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EaolTft- 

Uolecalar  lent 

WeiKbt,  Specific  Volume, 

M  Gravity        V 

207-91       

183-56  4-2        43-705 

175-44  4-621     38-806 

171-39  4-9        34-977 

168-96      

167-33  5-072    32-889 

186-17  5086    32-672 

165-40  5-248    31516 

164-62      


"h.ilcopyrite 
lamharatite 
tornite 


rhalcocite        Cu  S 


3*640: 
3-3856 
3-2704 

32072 
3-1950 
3-1687 


3-5407 
3-3856 
3-2704 

3-2072 
3-1850 
3-1587 


i-4897 
J -3856 

J-2704 

3-2072 
3-1950 
3-1587 


164-0 


159-21     6-51       28-8 


3-4302     2-9466    2-8586 


This  table  shows  that  the  topical  axes,  which  take  into  con- 
sideration not  only  the  elements  of  crystallization,  bnt  also  the 
chemical  coinposiiion,  as  expreseed  by  the  molecnlar  weights 
and  the  specinc  gravities,  show  striking  similarities.  Of  the 
three  asee,  two,  -^  and  w,  vary  quite  regularly  from  their 
maximnm  values  for  Cu,Fe,S,  to  their  minimum  for  Cd,S.  In 
the  case  of  x>  there  is  a  steady  decrease  down  to  Cn„Fe,S,., 
the  last  intermediate  member  for  which  the  axes  can  be  cal- 
culated, and  then  an  increase  to  Gu,S.  This  change  involves 
passing  from  the  cubic  to  the  orthorbombic  system.  These 
relationships  are  perhaps  brought  oat  a  little  more  clearly  in 
the  following,  where  x',  ^',  and  m'  are  the  values  obtamed 
when  the  topical  axis,  ^,  corresponding  to  the  J  axis  of  chal- 
cocite,  is  taken  as  the  unit  for  the  whole  series. 


Fe.S. 
.  Cu,  Fe.S, 
.Cu.Fe,S. 

1-2016 
1-1490 
1-1099 

1-2016 
1-1490 
1-1099 

Chalcopyrite  . 
Bamhardtite  . 
Bomite 

1-1843 
1-1490 
1-1099 

;:  -■■■■■ 

. 

1-0884 
1-0843 
1-0720 

1-0884 
1-0843 
1-0720 

1-0884 
1-0843 
10720 

Chalcocite 

.  Cui 

11644 

1-0000 

09702 

The  topical  axes  show,  therefore,  progressive  changes  which, 
as  far  as  can  be  determined  from  the  very  meager  data  con- 
cerning the  specific  gravities  available  at  present,  are  fully  in 
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accord  with  what  ehonld  be  expected  from  the  progreESiTe 
changes  which  have  been  asaamed  in  the  chemical  composi- 
tion. 

Selation  of  the  Minerah  of  the  Ii,S-Cu,S  Series  to  Other 

Sulpha- Min  erait. 

Tlie  ceneral  formula  CaiFe,Sy,  given  above,  page  5i5,  for 

the  Fe,S,-CD,S  series,  may  be  farther  generalized  bo  as  to  read 

M',R"',8j,  where  again 

copper,  silver,  or  lead,  more  rarely  zinc,  tin,  mercury,  thal- 
lium, or  bivalent  iron,  copper,  cobalt  or  nickel.  R'"  maybe 
ferric  iron,  arsenic,  antimony,  bismuth,  or  trivalent  chromiom, 
nickel,  or  cobalt.  Sulphur  is  sometimes  partially  replaced  by 
selenium.  With  M',R"',8,  as  a  baeia,  it  is  now  possible  to 
arrange  a  list  of  sulpho-minerals  which  show  conclusively  that 
the  compositions  given  for  the  various  members  of  the  Fe,S,- 
Cu,S  series,  page  344,  correspond  directly  to  those  of  well- 
established  mmerals.  In  this  list  the  formulae  are  in  nearly 
every  case  those  recognized  by  Groth.* 


!-  3.     Here  M'  is  principally 


General  Formula  M',R"'  S,,  where  j 


Chalcopyrite 

Lorandite 

Miargyrite 

Wolftibergite 

Emplectite 

Scteroclase 

(Sartorite) 
Zinckenite 
Andorite 
Galenobism  utile 
Al  ask  site 
Seleniferous 

Galen  obi  am  utile 
Daubreelite 
Linnieite 
Barracan  ite 
Carrollite 
Bamhardtite 
Dufrenoysite 
Jameson  ite 
KobelUte 
Cosalite 


Cu,Fe,S. 

T1,A8,S, 
Ag.Sb.S. 
Cu,Sb,S. 
Cu,Bi,S. 
PbAs,S. 

PbSb,S, 
(Pb,Ag,)Sb,S. 
PbBi,S. 
{Pb.Ag„Cu,)Bi,S, 

PbBi,(S,Se). 

Fe*Cr,S, 

(Ni,Co)'{Ni,Co)"',S, 

Cn'Fe,S. 

Cu'Co.S. 

Cu.FeA 

Pb,As,S, 

Pb,Sb.8, 

Pb,(Bi,Sb 

Pb,Bi,S. 


).S. 


*  Tabellarische  Ueberncht  dor  Mlneralien,  4tti  edition,  1806,  aUo  tbe 
French  tnuialBlion  with  corwctionB  and  addUioDB  by  Jonkowtky  and  Pbmct, 
1904. 
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Schapbachite  (Pb,Ag  )  Bi  S, 

Bychnodj;mite  (Cu,Co,Ni),Co,S, 

Polydymite  Ni,Ni,S, 

Bornite 

ProuBtite 

Pjrargyrite 

Xantboconite 

PyroBtilpDito 

Seligmannite 

Bourn  on  ite 

Aikinite 

Uuiterra  anile 

LilliaDite 

Bomite 

Tetrabedrite 

M'  =  Cu.Ag.Hg 

M"  =  Fe.Zo 

R"'=  A8,Sb 
Jord&nite  Pb.As.S, 

Meneghinite  Pb.Sb.S, 

Bornite 
Stepbanite 
Geooronite 
Bomite 
Kilbrickenite 
Beegeriie 
Bornite 
Bomite 
Pearceitef 
Polybasitet 
Plnmboatannitet  Sb,S„ 

Bornite 

Pearceitef 

Polybasitef 

FranckeiteJ 

Polyargyrite 

Bomite 

Cylindrilet 

Bornite 

*  This  older,  simpler,  and  geaerallj  accepted  f  ormala  is  Tetained  for  the 
present  cUaai&catioD,  eren  tboagh Eretaohmer  has receotl; (ZeitscliT.  Eryst., 
ilriii,  484~5t3,  19I0J  Buggeated  a  more  complex  one,  namelT  xU'.R"'iSg  + 
H"tit"',Sf  IF  M',R"',3,  be  written  In  Us  nimpler  form,  H',R"',S(,  it  will 
be  noted  that  both  of  these  componenta  ooirespond  to  well-known  minerala 
in  the  above  list. 

tPenGeld  (this  Jonrnal,  xliv.  IT,  1B93]  gave  Ag,iR"',Sii  as  the  general 
formnla  forClLeaemmeralB.  Van  Horn  and  Cook  hare,  however,  recently  sng- 
gested  Ag,.R"',3,,  (ibid.,  ixii,  518,  IBll.and  mil.  40).  Unqnestionabl; both 
formulae  hold  good,  the  ccinditiona  being  analogona  to  what  \t  now  shown  to 
be  the  caae  for  bornite  with  its  varying  composition,  belonging  aa  it  does  to 
the  FeiSi-CniS  series.  Pearceita  and  polybasite  are  accordingly  to  be  inter- 
preted aa  being  members  of  two  similar  series,  namely,  AsiSi-AgiS  and 
3b,Si-Ag,S. 

{In  these  minerals  tin  is  oonsidered  aa  being  basic  Id  chaiact«r. 
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It  is  thus  seen  that  many  of  the  rarer  minerals  with  complex 
raolecnlee  fall  into  this  series.  The  chemical  composition  of 
some  of  theee  has  generally,  heretofore,  been  considered  rather 
doubtfnl.  Thus,  to  cite  bnt  one  example,  polyargyrite, 
Ag„Sb,S,„  has  always  been  placed  in  a  class  by  itself,  but  it 
now  appears  that  its  compoBition  is  snch  as  to  conform  to  the 
general  formula  of  this  series. 

Other  Series  of  Sulpho-Minerah. 
(1)  The  klaprotholite  group  ebows    the    general  formula 
M',R"',S,  where  y=  --+  6.    These  minerals  are ; 


Klaprotholite 
Rathite 

Cu.Bi.S, 

Pb.As.S, 

{Binoite) 

Warren  ite 

Schirmerite 

Boulangerite 

Diaphorite 

Freieslebenile 

(2)  Baumhanerite,  Pb,A6,S,„  has  a  composition  which  may  be 
expressed  by  the  general  formula  M'iR"',S„  where  y  =  „  +9. 

This  is  the  only  mineral  of  this  type  thus  far  noted. 

(3)  The  composition  of  plagionite,  Pb,Sb,S„,  may  be  written 

to   conform   to  the   formnla   M',R"',S,,   where   y=      +12. 

Plagionite  is  the  only  member  of  this  series  thns  far  observed. 

(4)  The   series  of  sulpho-stannates    possesses    the   general 

formula    M'jR",8j,   where   y  :^  ^  +  4.      M'   may    be   silver, 

univalent  copper,  or  bivalent  iron;  R"  is  either  tin  or  ger- 
manium.    The  minerals  of  this  series  are  : 

Stannite  Cu.Fe.Sn  S, 

Canfieldite  Ag„(Sn,Ge),S„ 

Argyrodite  Ag„Ge,S„ 

(5)  The  series  of  minerals  in  which  arsenic,  antimony, 
vatiadiiun  are  interpreted  as  having  valencies  of  live  con- 
form to  the  formnla  M',R',8y,  where  y  ^ -+ 5.     The  series 

is  as  follows ; 
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Enargite  C«,As,S, 

Luzonite  CUjAp^S^ 

Famaliiiite  Cu  SI»,S, 

Sulvanite  Cii.V  S, 

Epigenite  Cii".Fe",A8,S„ 

It  is  thne  evident  tliat  all  the  important  siilpho-minerals 
listed  by  Groth,  wjtii  the  exception  of  the  sternbergite  series, 
can  be  made  to  conform  to  some  one  of  tiie  above  simple 
general  formulae.  In  tlie  case  of  the  sternbergite  minerals  it 
is  very  doubtful  whether  these  are  to  be  considered  »s  inde- 
pendent species.  We  are  strongly  of  the  opinion  that  Groth 
IS  right  when  he  intimates  that  sternbergite,  argyropyrite, 
frieseite,  and  argentopyrite  are  probably  only  ai^ntiferons 
pyrites. 

The  compositions  of  the  various  sulpho-minerals  may  there- 
fore be  referred  to  the  following  six  general  formulas  : 

M',R",S„  where  y  =  * -1-   3.  {1) 

M',R"',S,,  where  y  =  ^  -n  6.  (2) 

M'.R'"^,,   where  y  =  ^  -I-  9.  (3) 

M'.R"',S„  where  y  =  *  4-  12.  (4) 

M',R,",S„    where  y  =  ^  4-    4.  (5) 

M'.R',S„    where  y=^ -I-    S.  (6) 

Some  Morphotropio-genetic  Series. 

As  a  resnlt  of  the  foregoing  considerations,  it  is  now  desirable 

to  arrange  and  study  the  various  progressive  chemical  series 

into  which  the  aulpno-minerala  may  be  classified.     Several  of 

the  more  important  series  of  minerals  with  the  general  formula 

M',R"',Sj,  where  y  =  „  +3,  are  the  following : 


AS.S: 

,-Pb8  Series 

SpeciBc  gravity 

Orpiment 

As,S. 

3-5 

Sartorile 

PbAsS. 

5-39 

Dnfrenoysile 

Pb.As.S. 

5-56 

Pb.As.S, 

5-94 

Jordanite 

Pb,As,8, 

S-393 

Galena  PbS  7-45 

Ah.  Jour.  Sci.— Fodbth  Skkiks,  Vol.  XXXVII,  No.  SSS.— Jnm,  1914. 

88  ,--  I 
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SUbiiite 

Zinckenite 

Jameaonite 

SbS. 
PbSb,S. 
Fb,8b,S, 

Speciac  gwvitj 
5-32 

5-6  J 

Heneghiiiite 

Geocronite 

Kilbrickeoite 

Pb.Sb,S. 
Pb.Sb.S. 
Pb.Sb,S. 

6-399 
6'3— 6-45 
6-4 

Galeoa 

PbS 

7-45 

Sb,s, 

SUbnite 
Misrgjrite 

.-Ag,S  Seriee 

Sb,S, 
Ag.Sb.S. 

Specific  gTsvitf 
5-32 
6-18-5-3 

Pyrergyrite 

Ag^b.S. 

6-86 

Stephanite 

Ag.AS. 

6-25 

Poljbaaite 
Polybasite 

Ag,.Sb,S„ 
Ag,.Sb,S„ 

6-067 
6-S3 

Polyargyrite 

Ag„'8b,S,. 

6-974 

Argentite 

Ag.S 

7-3 

BUS 

Biemutbinite 
Galenobiemutite 
Coialite 
Lillianite 

,-PbS  Seriee 

Bi,S, 
PbBi,8, 
Pb,B!,S. 
Pb.BiX 

Specific  grsnty 
6-5 

6-88-7-14 
6-59-6-75 
6-7 

BeegeriK 

Pb.Bi,S, 

7-273 

Galena 

PbS 

7-45 

Bi,s, 

Bismuthioite 
Emplectit« 

-Ca,3  Series 

Bi.S, 
Cu,Bi,S, 

Specific  gTarlty 
6-4- 6-8 
6-3—6-5 

Chalcocite 

Cu,S 

5-51 

A  preliminary  survey  of  several  of  these  series  sliows  that 
some  very  interesting  relationships  can  he  pointed  out,  for  with 
but  few  exceptions  the  ervstallization  of  the  varions  membets 
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can  be  interpreted  as  cubic  or  peendo-cabic.  Heretofore  tbese 
minerals  have  been  treated  chiefly  from  the  standpoint  of 
iGomorphiBm,  bat  nnqaeEtionably  a  new  stndy  of  the  cryEtallo- 
graphy  of  the  above  groups  will  show  that  they  are  to  be  con- 
sidered ae  morphotropic  Beriee,  as  has  been  shown  for  the 
Fe,S,-Cu,S  series.  Tneee  relationships  will  be  reported  upon 
in  detail  later. 

The  arrangement  of  minerals  into  series  of  the  above  charac- 
ter is,  we  believe,  fully  justified  not  only  by  what  was  shown 
to  hold  good  for  the  Fe,S,-Co,8  series,  but  also  by  the 
characteristic  methods  of  occurrence  and  association  of  the 
members  of  these  series.  This  classification*  of  the  sulpho- 
minerals  will  undoubtedly  be  of  some  service  to  economic 
geologists  in  studying  the  origin  and  formation  of  some  ore 
deposits,  for  it  is  reasonable  to  assume  that  the  members  of 
each  series  were  formed  in  many  instances  by  the  interaction 
of  solutions  of  the  various  members,  especially  of  the  end 
members,  or  by  solutions  upon  the  solid  phases  of  some  of  them, 

Uineralogioftl  Laboratory, 
Unireraity  of  Hichigui, 
Pebraar;,  35,  1»14. 


_,  1913,  and  Clarke's  DaU  of  Qeochemietry,  BullBtin  491,  U.  S.  ( 
Edition,  Iftll,  628,  636,  080,  and  «52. 


SCIKNTIFIC    INTELLIGENCE. 

I.    Chkmibtey  akd  Physics. 

1.  The  Relatioe  Abundance  of  Several  Metallic  Elements. — 
F.  W.  Clabkb  and  George  Steigee  have  published  the  results 
of  analyses  of  composite  samples  of  several  raatenals  in  order  to 
show  the  amounts  of  some  of  the  minor  constituents  occurring  in 
the  earth's  crust.  A  great  many  different  samples  of  each  kind 
of  material  were  mixed  and  the  small  constituents  were  deter- 
mined in  largo  portions  of  the  combined  samples.  Intereatinv 
data  were  thus  obtained  in  regard  to  the  percentages  of  several 
familiar  metals: 

A.  "  Red  clay  "  of  oceanic  depths,  51  samples. 

B.  Blue  and  green  "terrigenous  clays"  from  oceanic  deposits, 
62  samples. 

C.  Mississippi  silt,  235  samples. 

D.  American  igneous  rocks,  329  samples. 
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A. 

B. 

C. 

D. 

Avenge. 

NiO... 

..   00320 

0-0630 

00170 

00066 

o-o^atj 

Ae ,0.  . 

..   0-00 10 

trace 

0-0004 

00O07 

0-0005 

PbO  .. 

..  0-0073 

0  0004 

00002 

0-0008 

0-002-2 

CnO  .. 

..   0-0200 

00160 

0  0043 

0-0117 

0-0130 

ZnO... 

..   000S3 

0-0070 

0-0010 

00064 

0-004!* 

The  following  percentages  of  other  minor  conatituenta  were 
found  in  the  composite  samples  of  the  earthy  materials,  while  the 
last  colnmn  shows  the  mean  of  many  determinations  in  rocks  r 

A.  6.  C.  Hock«. 

BaO  0-17  0-05  008  0-08(i 

SrO 0-046  0-025  trace  0-031 

Cr.O, 001  0-044  0-01  0-03 1 

V,0, 0-028  0028  0-02  0  014 

ZrO, undet.  undet.  0-05  0-015 

Li,0 0-008 

The  authors  say  that  the  data  so  far  obtained  may  not  be  final, 
but  tbey  clearly  indicate  the  several  orders  of  magnitude  which 
it  was  sought  to  determine. —  Chem.  Nevss,  cix,  159.       h.  l.  w. 

2.  The  Spitting  of  Silver. — H.  B.  Baker,  considering  the  fact 
that  the  amount  of  oxygen  absorbed  by  melted  silver  is  so  large 
that  it  seems  difficult  to  explain  it  ae  a  case  of  simple  solution, 
has  made  an  attempt  to  detect  the  presence  of  an  oxide  of  silver 
in  the  molten  metal,  and  has  found  tliat  when  very  pure  molten 
silver  is  partly  covered  with  molten  boron  trioxide  in  an  atmos- 
phere of  oxygen,  a  large  amount  of  borate  of  silver  is  formed  and 
dissolved  by  the  boron  trioxide,  white  if  the  surface  of  the  silver 
is  completely  covered  by  the  trioxide  no  silver  borate  is  produced. 
These  eipenmenta  appear  to  indicate  the  existence  of  silver  oxide 
in  the  molten  metal,  although  it  cannot  be  claimed  that  an 
absolute  proof  had  been  obtained,  because  there  is  a  possibility  of 
the  reaction  of  three  substances  together,  no  two  of  which  will 
otherwise  unite. —  Chem.  News,  <ix,  127.  h.  l.  w. 

3.  A  Laboratory  Guide  to  the  Study  of  Qualitative  Analy»i», 
by  E.  H.  S.  Bailbt  and  H.  P.  Cady.  8vo,  pp.  280.  Phila- 
delphia, 1914  (P.  Blakiston's  Son  &  Co.  Price,  tl.2d  net).— 
The  appearance  of  this  seventh  edition  of  this  work  indicates 
that  it  IS  extensively  used.  It  baa  been  changed  but  slightly 
from  tbe  previous  issue.  The  book  contains  less  printed  matter 
than  is  indicated  by  its  pages,  as  nearly  half  of  them  are  left 
blank  for  notes.  The  book  evidently  gives  a  good  course  of 
analysis,  hut  it  has  i-eceived  adverse  criticism  on  account  of 
extensive  use  of  the  ionic  nomenclature.  This  criticism  appears 
to  be  warranted,  in  spite  of  the  general  acceptance  and  the 
undoubted  importance  of  the  ionic  hypothesis  in  explaining  why 
acids,  bases,  and  salts  readily  exchange  their  radicals  in  eofiition. 
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The  ionic  equations  are  less  satisfactory  than  molecular  equations 
in  showing  the  prodacts  of  reactions,  especially  when  the  quan- 
tities of  the  reacting  sabstances  are  under  consideration.  The 
extreme  ionic  view  leaves  out  of  consideratioQ  the  large  proportions 
of  un-ionized  compouads  that  occur  in  ordinary  aohitions,  as  well 
ax  the  absence  of  ions  in  solids.  The  book  carries  out  the  ionic 
idea  to  an  extreme  extent.  For  instance,  it  says  in  connection  with 
the  removal  of  certain  metals  ("cations  higher  than  group  1")  by 
boiling  the  solution  withsodiumcarbonate,  "If  ammonium  ions  are 

Sesent,  the  boiling  should  be  continued  until  they  are  expelled." 
ow,   since  it  is  ammonia  and  not  the  ammonium  ion  that    is 


expelled,  it  would  appear  better  to  mention  it  as  such.  The  c 
tinual  use  of  the  word  "ion  "  in  the  book  seems  to  be  unnecessary 
and  unsatisfactory.  It  would  seem  simpler  and  better  to  speak  of 
testing  for  phosphates  instead  of  "the  phosphate  ion,"  for  chlorides 
instead  of  "  the  chloride  ion,"  for  potassium  instead  of  "  the 
jiotassium  ion,"  and  so  on,  for  it  is  not  only  superfluous,  but  it  is 
inconsistent  to  refer  to  the  examination  of  solids  for  ions. 

u.  L,  w. 

■1.  Chemistry  in  America/  by  Eiksar  F.  Smith.  8vo,  pp. 
356.  New  Tork,  1914  (D.  Appleton  and  Company). — Dr.  Smith 
has  rendered  an  important  service  to  chemists  by  the  publication 
of  these  ''Chapters  from  the  History  of  tbe  Science  in  the  United 
States."  The  book  deals  extensively  with  the  early  history  of 
chemistry  in  Philadelphia,  its  important  starting- point.  There  is 
much  of  interest  regarding  Joseph  Priestly  after  his  arrival  In 
America  ;  concerning  Joseph  Hare,  the  inventor  of  the  compound 
blowpipe,  anil  a  celebrated  investigator  in  other  lines  ;  in  con- 
nection with  the  studies  of  the  elder  Benjamin  Silliman  at  that 
city  ;  and  about  many  other  interesting  chemists.  The  book 
contains  excellent  portraits  of  Robert  Hare,  James  Woodhouse, 
Joseph  Prieetiv,  Thomas  Cooper,  John  Maclean,  Samuel  Latham 
Mitchell,  Benjamin  Silliman,  James  C.  Booth,  T.  Sterry  Hunt,  J. 
Lawrence  Smith,  Wolcott  Gibbs,  M.  Carey  Lea,  Josiah  Parsons 
Cooke  and  J.  Willard  Gibbs.  This  Hat  of  portraits  shows  the 
scope  of  the  book,  although  the  work  of  many  others  is  men- 
tioned, usually  briefly.  No  attempt  has  been  made  to  discuss  the 
chemical  work  of  recent  years.  n.  r,.  w. 

5.  Annual  Reports  of  the  Progress  of  Chemistry  for  1913. 
Volume  X.  Issued  by  the  Chemical  Society.  8vo,  pp.  300. 
London,  1914  {Gurneydk  Jackson,  33,  Paternoster  Row,  E.C). — 
These  reports  on  tiie  diflfereni  branches  of  chemistry  are  particu- 
larly suitable  for  enabling  specialists  in  one  branch  of  the  science 
to  learn  the  main  features  of  progress  in  the  other  branches.  The 
reports  are  short  and  condensed,  they  have  been  prepared  by 
prominent  scientists,  and  include  the  following  titles :  General 
and  Physical  Chemistry,  Inorganic  Chemistry,  Organic  Chemis- 
trj-,  Part  I,  Aliphatic  Uivifion,  Part  II,  Homocyclic  Division, 
Part  III,  Heterocyclic  Division  and  Stereochemistry,  Analytical 
Chemistry,  Physiological  Chemistry,  Agricultural  Chemistry  and 
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Vegetable    Physiology,   MiDeralogioal   Chemistry,    and   Radio- 
activity. H.  L,  w, 

6.  The  Frogresa  of  Scientific  Ckemittry  in  Otir  Own  Timte  ; 
br  SiB  William  A.  Tilden.  8to,  pp.  366.  London,  1913 
(LoDKtnaDB,  Green  and  Co.). — This  is  the  second  edition,  to 
which  some  new  matter  has  been  add«d,  including  biographical 
notes,  of  a  somewhat  popular  discussion  of  the  subject.  The 
book  is  based  on  a  course  of  "  Lectares  to  Workingmen  "  and  it 
gives  a  clear  and  excellent  discusaion  of  modern  chemical  princi- 
ples and  the  discoveries  that  bav«  led  to  their  establishment.  It 
IB  a  very  suitable  book  for  the  use  of  students  of  chemistry  of  all 
grades,  and  it  will  serve  as  a  valuable  aid  to  the  chemical  lec- 
turer. H.  L.  w. 

7.  The  Synthetic  Use  of  MetaU  in  Organic  Chemiatry ;  by 
Abtbub  J.  Hale.  12mo,  pp.  169.  Philadelphia,  1914  {P. 
Blakiston's  Son  and  Co.). — This  little  book  of  British  origin 
discusses,  as  its  title  indicates,  only  those  reactions  of  organic 
chemistry  where  metaU  and  metallic  derivatives  have  been  uti- 
lised in  the  development  of  this  branch  of  chemistrv.  Important 
reactions  of  recognized  merit  are  discussed  and  illustrated  fully 
by  structural  equations.  A  feature  of  the  book  is  an  appendix 
devoted  to  simple  organic  preparations  which  illustrate  various 
applications  of  the  metals.  The  general  scope  of  the  book,  hov- 
ever,  is  narrow  and  the  treatment  of  the  subject  far  from  com- 
plete. T.  B.  J. 

8.  Slectricai  Analogue  of  ihe  Zeeman  Effect. — In  a  series  of 
four  papers  by  J.  Stark  and  his  co-workers,  G.  Wendt  and  H. 
Kirschbanm,  an  account  is  given  of  some  new  and  important  phe- 
nomena exhibited  by  spectral  lines  under  special  conditions.  In 
brief,  the  general  problem  was  to  investigate  the  -effect  (if  such 
exists)  of  ^ectric  fields  on  spectral  lines. 

TVansveree  effect.  The  apparatus  used  was  ingeniously  con- 
structed as  follows.  A  cylindrical  vacuum  tube  was  provided 
with  disc  electrodes  which  were  set  coaxially  and  relatively  far 
apart.  The  cathode  was  perforated  in  order  to  allow  the  canal 
rays  to  enter  the  region  of  the  tube  more  remote  from  the  anode. 
In  this  region  a  third  disc  electrode  was  fixed  parallel  to  the 
cathode  at  a  distance  of  1-1  or  2  ■6°"°'  from  the  cathode.  The 
third  disc  and  the  cathode  were  joined  respectively  to  the  neg- 
ative and  positive  poles  of  a  suitable  source  of  constant  potential. 
Since  the  perforated  cathode  and  the  neighboring  disc  were  close 
together,  very  large  potential  gradients  could  be  readily  estab- 
lished between  the  electrodes.  The  pressure  of  the  gas  in  the  tube 
was  regulated  to  make  the  cathode  dark  space  5  to  10  cms.  long  and 
therefore  to  amply  surround  the  perforated  cathode  and  the  adja- 
cent negative  disc.  When  the  tube  proper  was  not  excited  no  dis- 
charge took  place  between  the  perforated  cathode  and  the  auxili- 
ary cathode  up  to,  and  exceeding,  potential  gradients  of  50,000 
volts  per  cm.  When  all  three  electrodes  were  simultaneously  in 
action  the  canal  rays  ionized  the  gas  between  the  juxtaposed  discs 
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and  tbus  gave  rise  to  the  seriea  lines  of  the  gas  in  the  tube 
(helium,  hydroc;en,  etc.).  By  this  arrangement  negatively  charged 
particles  passed  out  of  the  electrostatic  field  throngb  the  perfora- 
tions in  the  usual  cathode.  A  suitably  placed  plane  window  was 
affixed  to  the  side  of  the  tube  with  its  normal  at  right  angles  to 
the  common  axis  of  the  condenser  plales  (the  pair  of  cathodes). 
In  other  words,  the  line  of  sight  was  perpendicular  to  the  ai:is  of 
the  electrostatic  field  and  hence  to  the  paths  of  the  positive  ions. 
One  typical  illustration  of  the  phenomena  observed  must  suffice, 
The  line  Hy  was  separated  into  seven  components.  Three  of  these 
were  found  to  be  polarized  (electric  vector)  at  right  angles  to  tbe 
electric  field  and  to  have  intermediate  intensity.  The  central  com- 
ponent of  this  triplet  was  very  slightly  displaced  from  the  position 
of  the  unresolved  line  (electrostatic  field  unexoited),  Outside  of 
the  triplet  two  stronger  components  of  the  original  line  were  ob- 
served. Also  between  each  pair  of  lines  of  the  triplet  two  very 
faint  lines  were  discerned.  The  six  lines  were  equally  spaced,  in 
pairs,  with  respect  to  the  central  component  of  the  triplet.  The 
four  lines  not  members  of  the  triplet  were  found  to  be  polarized 
parallel  to  the  direction  of  the  impressed  electrostatic  &<ld. 

Longitudinal  effect.  In  order  to  have  the  line  of  sight  coinci- 
dent with  the  axis  of  the  electric  field  the  vacuum  tube  had  to  he 
remodeled  as  follows.  Instead  of  a  group  of  perforations  in  the 
usual  cathode  a  single  slit  was  made  in  the  geometrical  axis  of 
revolution  of  the  disc.  The  condenser  plates  of  the  eleclrostatic 
field  were  fastened  with  tbeir  plane  faces  parallel  to  the  axis  of 
the  slit.  The  continuation  of  this  axis  passed  half-way  between 
the  condenser  plates.  The  auxiliary  anode  was  pierced  by  holes 
so  as  to  enable  the  light  to  reach  the  slit  of  the  dispersing  appara- 
tus. It  was  tbus  possible  to  look  along  the  direction  of  the  elec- 
tric field  but  at  right  angles  to  tbe  paths  of  the  canal  rays.  For 
reasons  which  cannot  he  given  in  this  place,  it  was  found  correct 
to  perforate  the  auxiliary  anode  but  not  the  associat«d  cathode. 
Special  experiments  and  considerations  showed  that  all  sources  of 
error,  such  as  the  curvature  of  the  field,  Doppler  effect,  etc.,  were 
negligible  under  the  experimental  conditions.  Reverting  to  the 
line  fly  it  turned  out  that  the  original  line  was  resolved  into 
a  triplet  whose  components  coincided  in  wave-lengths  with  the 
triplet  observed  in  the  transverse  field.  In  all  cases,  the  lines 
studied  in  longitudinal  fields  were  unpolarized.  This  result  is  con- 
sistent with  the  theory  worked  out  some  time  ago  by  Voigt. 

Gradient  effect.  By  varying  the  distances  between  the  con- 
denser plates  and  also  the  applied  potential  difference,  it  was  a 
relatively  simple  matter  to  investigate  the  dependence  of  the  sepa- 
ration of  the  outer  components  of  any  resolved  line  on  tbe  inten- 
sity of  the  electric  field.  For  the  hydrogen  lines  A  4341  and 
X  4801,  and  for  the  helium  line  A.  4026,  a  hnear  dependence  was 
found  both  for  tbe  vibrations  parallel  and  perpendicular  to  the 
field.  Tbe  separation  of  the  outer  components  of  H^  amounted 
to  as  much  as  U'5  A.  U.  in  afield  of  50,000  volts  per  cm.    On  the 
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other  hand,  the  helium  line  at  X  447S  did  not  follow  a  linear  rela- 
tion. The  carves  corresponding  to  this  line  are  slightly  concave 
towards  tbe  axis  of  potential  gradient.  Id  coDclusion,  it  may  be 
remarked  that  the  laws  governing  lines  belonging  to  the  same  or 
to  related  series  of  the  same  element,  or  of  different  elements, 
have  been  as  yet  only  partially  worked  out,  and  hence  any  account 
of  their  probable  nature  would  be  premature  at  the  present  time. — 
Ann,  d.  Physik,  vol.  xliii,  pp.  965-1047,  April,  1914.       h.  s.  r. 

9,  Secondary  Standardu  of  Wave-Length  in  the  In/ra- Red.— By 
means  of  a  Fabry  and  Perot  interferometer  A.  Ioha-Tieff  baa 
accurately  determined  the  wave-lengths  of  one  line  of  cadmium 
and  two  of  helium.  A  special  monochromatic  filter  was  tised  to 
isolate  the  radiations  under  investigation.  An  account  of  tbe 
composition  and  construction  of  abHorption  cells  for  long  wave- 
lengths is  given  by  F.  Paschen  in  the  Annalen  der  Physik,  No.  6, 
March,  1914,  pages  858-800.  Tbe  helium  line  at  X  10830  waa 
found  to  be  double.  By  using  an  iron-oonstantan  thermopile  in 
conjunction  with  a  Paschen  "  Eisengalvanometer,"  and  by  plot- 
ting curves  having  distances  between  the  interferometer  plates  as 
abscisBro  and  galvanometer  deflections  as  ordinates  (method  of 
beats)  the  investigator  found  the  separation  of  the  components  of 
the  helium  doublet  to  be  12 1  ±0-01  A.  U.  The  wave-lengths  of 
this  doublet  and  of  the  two  single  lines  were  determined  by  two 
methods,  (a)  "thermopile  in  central  zone," and  (b)  the  quenching 
action  of  heat  on  a  phosphorescent  screen  (phosphoro-photog- 
rapby).  Tbe  final  results  are  10394-66±0'03  Cd,  l0830-32±0-m 
He,  10839*1I±002  He,  and  20681-31±0-02  He.  The  numbers 
following  the  double  si;!ns  denote  "possible"  errors. — Ann.  d. 
Phgaik,'vtA.  xliii,  p.  1117,  April,  1914.  •  a.  s.  o. 

10.  The  E/eclricalConduclivitg  and  Ionization  ConHante  of  Or- 
ganic Compovnde;  by  Hkywakd  Scuddkk,  Pp.  568.  New  York, 
1014  (D.  Van  Nostrand  Co.). — The  nature  and  scope  of  the  con- 
tents of  this  volume  are  made  quite  clear  by  tbe  following  quota- 
tion from  the  author's  introductory  remarks.  "  The  object  of  this 
book  is  to  present,  .  .  .  ,  a  bibliography  of  all  tbe  measurements 
of  the  ionization  constants  and  the  electrical  conductivity  of  organic 
compounds  that  have  appeared  in  the  periodical  literature  between 
the  years  1889  and  1910  inclusive,  together  with  the  values  of  the 
ionization  constants,  and  certain  values  of  tbe  electrical  conductiv- 
ity measurements."  "Qualitative  work  is  also  included."  "Be- 
fore the  year  1889,  little  work  of  value  at  the  present  time  was 
published."  "All  that  is  of  value  is  included  here."  "From  1910 
to  the  heginiug  of  1913,  important  corrections  that  have  come  to 
my  notice  have  been  inserted."  "Beginning  with  1910,  full  data 
of  the  entire  periodical  literature  are  published  in  the  Tables 
Annuelles  Internationales  de  Constantes  et  Donn^es  Num^riquea" 

That  the  presentation  is  very  complete  and  systematic  may  be 
inferred  from  the  following  sequence  of  captions:  Explanation, 
Abbreviations,  Cyclic  Formulte,  Tables  (pages  42-3S2),  Formula 
Index  (ps^es  323-380),  Author  List  (2032  references).  Subject  In- 
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dex,  Joarnal  List,  and  Addenda.  The  author  and  the  publishers 
deserve  much  credit  for  the  enormous  amount  of  uninteresting 
work  necessitated  by  the  compilation  of  the  material  and  for  the 
very  clear,  appropriate,  and  accurate  typographical  composition 
respectively.  h,  s,  u. 

1 1.  The  Theory  of  Seat  Radiation;  by  Max  Planck.  Trans- 
lated from  the  second  edition  by  Mobton  Masics.  Pp.  xiv,  222, 
with  7  figures.  Philadelphia,  1914  (P.  Blakiston's  Son  &  Co,).— In 
this  book  Planck  gives  a  very  clear  exposition  of  his  hypothesis  of 
the  "quantum  of  action"  which  has  exerted  a  very  profound  ioflu- 
ence  on  the  recent  developments  of  theoretical  physios.  The  sub- 
ject matter  is  divided  into  five  Parts  which  have  the  following 
headings:  I  "Fundamental  Facts  and  Definitions,"  II  "Deductions 
from  Electrodynamics  and  Thermodynamics,"  III  "Entropy  and 
Probability,"  lY  "A  System  of  Oscillators  in  a  Stationary  Field 
of  Radiation,"  and  V  "Irreversible  Radiation  Processes." 

The  translator  has  increased  the  usefulness  of  the  volume  by 
adding  several  foot-notes,  an  appendix  on  dednctione  from  Stir- 
ling's formula,  and  a  commentated  list  of  general  papers  which 
treat  of  the  application  of  the  theory  of  quanta  to  different 
branches  of  physics.  English  students  who  experience  distraction 
of  attention  in  attempting  to  read  the  original  text  will  undoubt- 
edly feel  very  grateful  to  Masius  for  the  clear  and  accurate  trans- 
lation which  he  has  given.  h.  s.  v. 


II,     Geology. 

I.  Virginia  Geological  Survey;  Thomas  Leonard  Wat- 
son, Director.  Bulletin  Ko.  VIII,  Biennial  Report  on  the  Min- 
eral Production  of  Virginia  during  the  calendar  years  1911  and 
1912;  by  Thomas  L.  Watson.  With  chapters  on  zirconiferous 
sandstone  near  Ashland,  Virginia,  by  Thomas  L.  Watson  and 
Frank  L.  Uess,  and  geology  of  the  salt  and  gypsum  deposits  of 
Southwestern  Virginia  by  George  W,  Siose.  Pp.  76,  2  pis., 
8  figs.  Charlottesville,  1913. — The  variety  of  products  mined 
and  quarried  in  Virginia  is  indicated  by  the  statistical  tables, 
which  include  barytes,  clay,  coal,  copper,  diatomaceous  earth, 
feldspar,  ^old,  granite,  gypsum,  iron,  lead,  lime,  limestone,  man- 
ganese, paint  ores,  portland  cement,  pyrite,  rutile,  salt,  sandstone, 
silver,  slate,  talc  and  zinc.  The  papers  by  Watson  and  Hess  and 
by  Stose,  included  in  Bulletin  Vlfl,  have  been  previously  pub- 
lished in  substantially  their  present  form  as  parts  of  Bulletin  530 
of  the  U.  S.  Gieological  Survey,  h.  k.  o. 

Bulletin  No.  IX,  The  Coal  Resources  and  General  Geol- 
ogy of  the  Pound  Quadrangle  in  Virginia;  by  Chablks  Butts. 
Rrepared  in  cooperation  with  the  IT.  S.  Geological  Survey. 
Pp.  61,  1  fig.,  3  pis.,  map  in  pocket.  Charlottesville,  1914. — The 
report  on  the  Pound  Quadrangle  is  the  first  of  a  series  of  papers 
on  the  Pennsylvanian  coals  of  sonthwestcru  Virginia.     In    this 
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areft  the  number  of  co&I  beds  is  '-  probably  greater  than  elsewhere 
in  the  Appalachian  coal  field,"  and  the  conditions  for  a  detailed 
Htndy  of  the  stratigraphy  appear  to  be  unnsuallj  favorable.  The 
colnmnar  section  inclndeB  the  Lee,  Norton,  Wise  and  Harlem 
formations,  and  the  strnctare  sections  shown  in  Plate  III  indicate 
clearly  the  geological  factors  with  which  the  ooal  indnstry  is 
concerned.  u.  k.  g. 

3.  Florida  State  Oeohgicat  Survey  ;  E.  IL  Sellaeds,  State 
Geologist  Fifth  Annual  Rfport.  Pp.  306,  pis.  14,  figs.  17, 
2  maps.  Tallahassee,  1S13. — The  report  of  the  Florida  Geological 
Survey  for  1913  contains  two  articles  of  more  than  local  import- 
ance :  Origin  of  the  Hard  Roclc  Pliosphate  Deposiis  by  E.  H. 
Sellards,  and  Artesian  Water  Supply  of  Eastern  and  Southern 
Florida  by  E.  H.  Sellards  and  Herman  Gunter.  Dr.  Sellard's 
views  regarding  the  origin  of  phosphate  differ  from  those  of 
Wyatt,  Pratt,  Coi,  Darton,  Dall  and  Eldridge  and  rest  on  obser- 
vations which  indicate  that  formations  later  than  the  Vicksbarg 
formerly  extended  across  the  phosphate  fields.  These  formations 
"disintegrated  in  situ  and  the  phosphate  itself  is  derived  from 
the  phosphate  originally  widely  disseminated  through  these 
formations,  circulating  waters  being  the  agency  by  which  the 
phosphate  has  been  carried  to  its  present  location."         h.  e.  g. 

3.  Illinois  Geological  Sitrvei/ ;  F.  W.  DbWolf,  Director. 
BftUetin  No.  22,  The  Oil  Fields  of  Cratoford  and  Lawrence 
Counties  f  by  Raymond  S.  Bi^tchlkt.  Pp.  442,  pis.  lA-XXXI, 
8  maps  m  case.  Urbana,  1913. — In  addition  to  an  exclusive 
treatment  of  the  economic  aspects  of  the  oil  fields  of  southeasteni 
Illinois,  the  anthor  of  Bulletin  Ho.  22  discuBses  the  stratigraphy 
of  the  Paleozoic  section,  and  presents  mnch  detail  regarding 
structural  relations.  The  oil  of  the  area  is  believed  to  have  its 
origin  in  the  plants  entombed  in  the  strata  of  Carboniferous  age. 

a.  E.  G. 

4.  The  Ohio  and  MietUsippi  Floods  of  1912 ;  by  H.  C. 
Pbankenfield.  Bulletin  Y,  U.  S.  Department  of  Agriculture, 
Weather  Bureau.  Issued  December  37,  1913.  Pp.  25,  diagrams 
1-VI,  precipitation  charts  35. — In  the  Ohio  and  in  the  lower 
Mississippi  valleys  years  without  floods  are  ezoeptional.  Since 
1815  stages  of  marked  high  water  have  been  i-eaohed  on  the 
average  once  in  six  years.  In  the  Mississippi  above  Cairo  the 
average  is  once  in  nine  years.  The  precipitation  which  directly 
causes  the  floods  appears  to  be  due  to  the  "Southwest  Type  "  of 
storm,  the  features  of  which  are  fairly  well  known.  The  flood  of 
1912  ranks  first  in  the  flood  history  of  the  lower  Mississippi  Val- 
ley in  points  of  height  of  water,  duration  and  amount  of  damage. 
In  the  analysis  given  by  Professor  Frankenfleld  the  causes  of  the 
flood,  its  origin  and  progress,  its  crest  stages,  and  the  effect  of 
levee  construction,  are  treated  in  detail,  and  Illustrated  by  nuroer- 
oas  charts.  The  loss  or  daraiige  caused  by  the  flood  of  1912  is 
estimated  at  over  $76,000,000.  h.  e.  g. 

5.  Nev>  Zealand  Geological  Survey;  P.  G.  Morgan,  Director. 
Bulletin  No.  16  (New  Series).      The  Geology  of  the  Aroha  Sub- 
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divition,  Sauraki,  Auckland;  by  J.  Hkndbrson,  assieted  by 
J.  A.  Baetedm.  Wellington,  1913.  Pp.  127,  pU.  I-X,  7  dia- 
grams, 10  maps  and  sectioDa. — ^Thie  Bulletin  No.  16,  taken  in 
connection  with  Bulletins  Nos.  4,  10  and  \6,  completes  the 
detailed  mapping  of  the  mining  areas  of  Hanraki,  Ancklaud.  Of 
tlie  663  square  miles  included  in  the  Aroha  subdivision  250  are 
forested  with  Kauri  and  other  timber.  In  this  latitude  (about 
37°±S.)  Kauri  and  mangrove  find  their  southern  limit  and  the 
factors  controlling  their  distribution  offer  a  fascinating  ecologic 
problem. 

Four  major  earth  blocks  have  resulted  from  movements  in  late 
Tertiary  and  recent  times,— movements  which  are  respunsible  for 
the  larger  topographic  features  present.  To  the  physiographer 
the  complicated  history  of  the  streams  traversing  the  Hauraki 
plain  affords  an  excellent  example  of  the  changes  induced  by 
nplift  and  tilting. 

The  formations  represented  in  the  Aroha  area  are :  {1 )  Recent 
and  Pleistocene,  river  and  estuarine  deposits ;  (2)  Tertiary, 
rbyolites  and  dacites  and  andesites,  with  fragmental  deposits  of 
several  types  and  including  lignite  ;  (3)  Jura-Triasaic  grauwackes 
and  argillitea.  The  Tertiary  volcanics  are  fully  discussed  in  a 
description  which  includes  microscopic  and  chemical  analyees. 
The  gold  and  the  silver  bodies  of  this  prosperous  mining  dis- 
trict "owe  their  formation  to  secondary  concentration,  by 
descending  meteoric  waters  ...  of  masses  of  pro- 
pylitized  rock."  The  controlling  factors  appear  to  be  the  degree 
and  extent  of  the  area  of  propyl itization  and  the  topography  of 
the  mining  area.  h.  e.  O. 

Seventh  Annual  Report,  1913-lS,  Appendix  C.  Pp.  115- 
142, 3  maps. — The  Director  of  the  New  Zealand  Survey  announces 
that  two  paleontologio  papers  :  Materials  for  the  Paleontology  of 
New  Zealand  by  Dr.  J.  Allen  Thompson  and  Revision  of  the 
Tertiary  JUolIusca  of  Kew  Zealand  based  on  type  material  by 
Henry  Sutor,  are  soon  to  appear.  It  is  also  announced  that  the 
fossil  fauna  and  flora  of  Cretaceous,  Jurassic  and  Triassic  age, 
and  also  the  Paleozoic  faunas,  are  at  present  under  examination  by 
specialists  in  Europe  and  Australasia.  Among  the  special  reports 
included  in  Appendix  C  are:  The  Coal  Possibilities  of  Westport 
Flats,  by  P.  G.  Morgan,  and  Geology  of  the  Te  Puke  District,  by 
J.  A.  Bartruro.  ii.  s.  g. 

6.  Mountains.  Their  origin^  growth,  and  decay  ;  by  Jaues 
Gkikik.  Pp.  xix,  311;  pis.  80,  figs.  57.  New  York,  1914  (D. 
Van  Nostrand  Company). — This  work,  as  stated  by  the  author, 
deals  with  the  borderland  of  geology  and  geography,  th}.>  main 
subjects  discussed  being  the  architecture  and  origin  of  mountains. 
Technicalities  are  largely  avoided  with  the  intention  of  making 
the  volnme  available  for  general  reading.  In  conformity  with 
this  end  the  plates  are  largely  photographs,  excellently  chosen 
and  reproduced,  and  diagrams  are  also  abundant  as  text-figures. 
CoDfliderable  space  is  given    to  the  architecture  of  the  Alps, 
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developing  the  views  of  Bertrand,  Lugeon,  and  others  regarding 
the  recumbent  folds  and  overthniat  rock  sheets.  As  mo6t  of  the 
literature  on  this  subject  has  been  in  French  and  German,  this 
text  will  be  a  welcome  addition  to  the  English-reading  public, 
including  the  intelligent  summer  traveler  as  well  as  the  geologist. 

J.  B. 

7.  Xa  Oioffrapkie  tie  Terre-Seitve;  par  Robert  Pbrrkt. 
Priface  de  M.  Mabcel  Dubois.  Pp.  vi,  313;  pis.  31.  Paris, 
1913  (Lihrairie  Oneniale  et  Am^ricaine ;  £.  Guilmoto). — A 
very  thorough  study  of  the  geography  of  Newfoundland  is  given 
in  this  volume.  Following  the  introduction  is  a  chapter  on  the 
history  of  the  geography  of  Newfoundland  and  another  on  the 
geology.  The  distinction  between  geology  and  geography  is 
emphasized.  Following  these  introductory  chapters  the  greater 
part  of  the  volume  is  devoted  to  such  topics  as  the  banks,  the 
climate,  the  plants,  etc.  The  interior  of  the  island  is  described 
in  some  detail  as  well  as  the  colonization  of  the  island  and  the 
exploitation  of  the  sea.  j.  b. 

S.  Fbssiliitm  Catalogua.  I:  Animalia/  editus  a  F.  Frech  ; 
12:  I'lantae ;  edttus  a  W.  Jonguaks. — These  indispensable 
catalogues  shonld  be  in  the  hands  of  all  paleontologists  and  in  all 
geological  libraries.  The  cost  is  not  high  considering  what  is 
given,  and  further,  either  series  I  or  II,  or  the  individual  parts  of 
each,  may  be  purchased  alone.  For  prices  consult  the  publishers, 
W.  Junk,  Berlin  W.  15,  Germany.     The  parts  at  hand  are: 

I:  Animalia.  1:  F.  Fi-ech,  Ammoneie  Devonicie  (Clymenitdaa, 
Aphyllitidfe,  Gephyroceratidse,  Cheiloceratidie),  I9i:i.  2:  W. 
Teppner,  Laniellibranchiala  tertiaria,  "  Anisomyaria,"  I.  1914. 
3:  C.  Schuchert,  Stelleroidea  palseozoioa.  1914.  i:  F.  deHuene, 
Sauriscbia  et  Omitbischia  triadica  ("  Dinosauria"  triadica).    1914. 

II:  Plants.  1:  W.  Jongmans,  Lycopodialca  I.  1913.  2:  W. 
JongmauB,  Etjuisetales  I :  Actinopteris,  Anarthrocanna,  Annu- 
laria,  Ann  u  I  an  o  pais,  Aphyllostachys.     1914.  c.  s. 

9.  Spitibergen  Map  of  Prince  Charles  Poreland  Jrom  Survey*^ 
by  W.  S.  Bruce,  J.  Mathisson  and  others, — This  valuable  map 
has  been  published  with  the  support  of  H,  S.  H.  the  Prince  of 
Monaco  ;  a  brief  description  is  given  in  the  Scottish  Geographical 
Journal,  vol,  xxix,  November,  1913. 


III.     Miscellaneous  Scientific  Intelligettce. 

1.  T/te  National  AcaJemy  of  Sciences. — The  annual  spring 
meeting  of  the  National  Academy  was  held  in  Washington  on 
April  21—23;  a  large  number  of  members  were  in  attendance. 
The  following  gentlemen  were  elected  to  membership:  Francis 
Gano  Benedict,  of  the  Carnegie  Institution  of  Washington; 
Nathaniel  Lord  Britton,  Director  of  the  New  York  Botanical 
Gardens  ;  Walter  Bradford  Cannon,  of  Harvard  University; 
Henry  Herbert  Donaldson,  of  the  Wistar  Institute  of  Anatomy, 
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Philadelphia;  Jesse  Walter  Fevkee,  of  the  Bureau  of  American 
Ethnology,  Washington;  Edward  Curtis  Franklin,  Stanford  Uni- 
versity; Moses  Gomberg,  University  of  Michigan  ;  Herbert 
Spencer  Jenuingn,  Johns  Hopkins  University;  brnest  Merritt, 
Cometl  University;  Frederick  Leslie  Ransome,  United  States 
Geological  Snrvey. 

The  list  of  papers  presented  is  as  follows: 

W.  F.  HiLLEBaAND,  H.  E.  Mbrwin  and  Frbd.  E.  Wright;  Hewettite, 
metahewettite  and  piucoite,  hfdrons  calciam  vnnaclatea, 

J.  M.  Coulter  :  The  origin  of  monocotj'IpdoD;. 

C.  B.  Davbnport  ;  Heredity  of  some  emotional  traits. 

C.  D.  Walcoti  :  Pre-Cambriao  Alguuliian  Me<e. 

¥.  W.  Clarke  ;  CompoBition  of  erinoid  Bkeletone. 

W.  H,  Howell  :  Caases  of  the  clotting  of  the  blood, 

E.  L.  Nichols  and  H.  L,  Boweh  :  The  InminOBCence  of  knniite. 

B.  J.  MELTzaa ;  Prompt  distribution  of  convnlaanta  in  cardiectomized 
fn^  deprived  of  their  Ijinpb  hearts. 

L.  T,  PiBBSON  :  Contributions  to  the  geologj  of  Bermuda. 

Jacques  Loeb  :  Heterogenons  hybridization. 

W.  J.  HcMPHRETS  :  On  the  relation  between  American  temperalnree  and 
European  rainfall. 

J.  P.  Iddihos  :  The  pb;eic«  of  magmattc  emption. 

JoBN  Johnston  :  High  pTessnre  as  a  factor  in  geolojfic  proceMes. 

HeNiiT  FiELDiNQ  Rbid  :  The  movements  of  magnets  caiued  bj  earth- 

O.  P.  Hebril.1,  ;  A   history  ut   American   State  Oeologicai   and   Natnral 
History  Snrveys. 
E.  L.  Nichols  ;  Biographical  Memoir  of  Henry  Morton. 
W.  H.  Davib  :  Biographical  Memoir  of  J.  Peter  Leslie. 
Ci.KVBL.AHi>  Abbe  :  Biographical  Memoir  of  Charles  A.  Schott. 
ABTBtm  L.  Dat  ;  Biographical  Memoir  of  Miera  Fisher  Longatreth. 

In  addition  to  the  above  papers  the  series  of  lectures  founded 
in  memory  of  William  Ellery  Hale  of  Chicago  was  inaugurated 
by  Sir  Ernest  Rutherford  of  the  University  of  Manchester.  Two 
lectures  were  delivered  dealing  with  the  Constitution  of  Matter 
and  the  Evolution  of  the  Elements.  The  committee  in  charge 
has  planned  other  lectures  od  this  general  subject  of  evoltitioD. 
The  second  series  to  be  given  in  the  coming  autumn  will  be  by 
Dr.  W.  W.  Campbell,  Director  of  the  Lick  Observatory,  who 
will  discuss  the  principal  theories  of  stellar  evolution.  It  is  pro- 
posed to  invite  a  distinguished  European  geologist  to  give  a 
third  course  of  lectures  at  the  annual  meeting  of  the  Academy  in 
191S;  he  will  show  how  the  surface  features  of  the  earth  have 
been  altered  in  the  process  of  time. 

2.  7A€  Carnegie  Fouvdution  for  the  Advancement  of  Teach- 
ing. Eighth  Annual  Report  of  the  President,  Henrt  S.  Phitch- 
KTT  and  the  Treasurer,  R.  A.  Franks.  Pp.  vi,  158.  New  York 
City,  October,  1913. — The  most  important  event  of  the  past  year 
for  the  Carnegie  Foundation  has  been  the  establishment  of  a 
Division  of  Educational  Enquiry,  endowed  in  January,  1913, 
by  a  gift  from  Mr.  Carnegie  of  41,250,000.  The  work  involved 
has  been  carried  on  from  the  beginning  as  an  essential  part  of  the 
labors  of  the  Carnegie  Foundation  but  it  is  only  now  that  it  is 
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provided  with  an  indepeDdent  income.  The  endowment  alluded 
to  has  been  allotted  from  the  funds  of  the  "  Carnegie  Corporation 
of  New  York"  which  haa  a  capital  of  9128,000,000  and  an 
income  of  a  tittle  more  than  tB,OO0,0O0.  The  purposes  of  the 
corporation  are  very  broad  in  their  beneficial  worK  and  it  is 
specially  charged  with  Hafegnarding  the  interests  of  the  five 
Infltitntions  with  which  Mr.  Camegie^s  name  is  connected  and  to 
which  be  has  already  given  between  eighty  and  ninety  million 
dollars. 

The  Carnegie  Foundation  now  hats  a  total  endowment  of 
tl&,32&,000,  and  the  expenditure  for  the  year  ending  September 
30,  1913,  was  t6C8,431;  of  this  $S  19,440  was  distributed  in  retir> 
ing  allowances  to  professors,  and  980,949  in  pensions  to  their 
widows,  a  total  of  $600,390.  Thirty-three  new  allowances  were 
granted  during  the  year,  making  the  total  in  force  403;  the 
average  annual  payment  to  an  individual  is  11703.  The  total 
distribution  from  the  beginning  in  1905  has  been  t2,936,927.  A 
number  of  topics  of  vita!  interest  to  educational  institutions  and 
their  officials  are  treated  in  this  Report:  as  the  new  systems  of 
pensions  established  here  and  in  England  ;  College  entrance 
requirements ;  state  regulation  of  higher  education,  etc.  The 
subject  of  College  catalogues  is  treated  critically  and  the  gentle  sar- 
casm of  the  author  makes  it  amusing  as  well  as  profitable  reading. 
Education  in  Vermont  is  handled  in  a  separate  bulletin. 

3.  The  Carneffie  J'hundalion  for  the  Advancement  of  Teach- 
ing.  Education  in  Vermont.  Bulletin  No,  7,  parts  \  and  II, 
pp.214.  New  York  City,  1914. — The  present  Bulletin  shows 
tlie  work  of  the  Carnegie  Institution  extended  in  a  somewhat 
new  direction,  the  results  being  presented  here  of  an  inquiry  as 
to  the  educational  situation  in  Vermont,  undertaken  at  the 
request  of  the  State  legislature.  The  report  advises  in  brief  that 
the  money  now  being  given  to  the  three  colleges,  aggregating  in 
1913  to  about  $100,000,  betransferred  to  the  public  schools,  on  the 
ground  that  the  State  cannot  well  afllord  a  regular  State  Univer- 
sity, while  the  public  schools,  which  provide  Uie  entire  education 
of  more  than  nine-tenths  of  the  children,  are  in  great  need  of 
better  support.  Special  recommendations  are  as  follows:  "That 
the  dozen  training-classes  for  teachers  that  were  established  in 
the  high  schools  in  1910  be  multiplied,  so  that  every  new  teacher 
in  the  state  shall  be  a  high  school  graduate  with  professional 
training.  These  classes  graduated  more  than  a  hundred  such 
teachers  last  year,  and  will  soon  be  able  to  supply  the  entire  four 
hundred  that  the  slate  needs  annually.  The  two  state  normal 
schools,  the  abandonment  of  which  is  recommended,  have  pro- 
vided less  than  a  dozen  such  teachers  each  year. 

It  is  further  recommended  "  that  the  teachers,  together  with  a 
new  state  commisnioner  of  education,  several  deputy  commis- 
sioners, and  a  number  of  supervisorx,  gradually  work  out  a  new 
program  of  studies  for  the  schools  which,  without  interfering 
with   its  academic  character,  will  relate  it  more  closely  to  the 
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daily  life  of  the  pupils.  It  ia  recommended  tbat  the  high  schools 
include  vocational  courses,  that  there  be  special  agricultural 
schools,  and  that  the  work  of  the  State  Agricultural  College  be 
made  of  greater  value  to  the  farmers.  Further  school  oonsolida- 
tioD,  with  transportation  wherever  necessary,  U  also  recommended 
both  for  elementary  and  high  schools,  so  that  every  community 
may  be  within  reach  of  first-rate  schools  instead  of  scattering  its 
money  and  care  among  a  large  number  that  are  inferior." 

The  general  questioDS  raised  in  this  report  as  to  what  part  of 
the  general  field  of  edncation  a  particular  College  or  University 
can  best  cultivate  and  also  what  are  its  special  advantages  and 
limitations  might  well  be  carefully  considered  by  the  Faculties  of 
all  our  higher  institutions. 

4.  The  Mining  World  Index  of  Current  Literature,  Vol. 
IV.  Last  half  year  191S ;  by  Gkoboe  E.  Sibley,  Associate 
Editor.  Pp.  190.  Chicago  (Mining  World  Company),  1914.— 
This,  the  fourth  volume  of  the  series,  is  planned  to  embrace  all 
important  contribntions,  for  the  time  specified,  to  the  world's  liter- 
ature in  mining,  metallurgy  and  kindred  subjects.  The  entries 
are  classified  under  the  promment  topics  (e.  g.  the  metals)  and  an 
author's  index  of  28  pages  closes  the  work. 

5.  Lea  Prix  Nobel  en  1912.  Pp.69.  Stockholm,  1913  (P.  A. 
Norstedt  &  Soner). — This  volume  contains  an  account  of  the  dis- 
tribution of  the  Nobel  prizes  of  1012,  in  which  year  the  following 
gentlemen  were  honored :  in  physics.  Dr.  Gustaf  Daten  ;  in  chem- 
istry. Dr.  Victor  Grignard  and  Dr.  Paul  Sabatier  ;  in  medicine. 
Dr.  Alexis  Carrel ;  in  literature,  Dr,  Gerhart  Hauptmanu.  Por- 
traits of  these  gentlemen  are  included  and  also  representations  of 
the  Nobel  prizes  and  diplomas.  The  addresses  delivered  by  sev- 
eral of  the  gentlemen,  to  whom  prizes  had  been  awarded,  at  the 
Nobel  Conference  on  December  10,  are  also  given  in  full. 

6.  A  Manual  of  Baoteriology ;  by  Howabd  8.  Rebd.  Pp. 
lii,  17S,  46  figures.  Boston  and  New  York,  1914  (Ginn  and 
Company). — The  book  is  planned  to  suit  the  needs  of  bacterio- 
logical students  in  agricultural  and  technical  schools.  The  sub- 
ject matter  is  arranged  in  16  sections  and  15  appendixes.  The 
sections  consist  of  wetl-planned  laboratory  exercises  with  occa- 
sional explanatory  paragraphs.  The  manual  covers  a  large  field. 
It  deals  not  only  with  the  usual  phases  of  bacteriological  tech- 
nique, etc.,  but  it  also  includes  the  study  of  the  numerous  com- 
plex physiological  processes  which  are  carried  on  In  nature  by 
bacteria  and  related  organisms.  Much  attention  is  given  to  the 
subject  of  fermentations  and  other  activities  of  microorganisms 
in  their  bearing  on  agriculture,  baking,  brewing,  etc.  References 
to  the  more  important  literature  are  given  in  conspicuous  posi- 
tions. L.  F.  B. 
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Professor  Newton  Hob*ck  Wischell,  formerly  th*  slate 
geoloeist  of  MinneKols,  dieil  on  May  ffrm,  after  an  operation  in 
the  NorthweNtern  Hospital,  Minneapolis,  Minnesota.  Winchell 
was  bom  at  Northeast,  New  York,  December  17,  )839.  In  1866 
he  was  graduated  at  the  ITniveritity  of  Michigan.  Before  this 
time,  however,  he  had  done  geological  work  on  the  Micliigan 
State  Survey,  and  three  years  after  his  gradnation  he  became 
anslBtant  state  geologist.  From  1870  to  Ifi^  he  was  connected 
with  the  Geological  Survey  of  Ohio,  and  from  1 872  to  1900  served 
as  state  geologist  of  Minnesota  ;  during  this  latter  period  were 
issued  under  his  direction  the  six  large  volumes  dealing  with  the 
geology  and  paleonlology  of  the  state,  which  are  so  widely  known 
for  the  careful  work  they  contain.  Professor  Winchell  organized 
and  edited  the  American  Geologist,  a  highly  creditable  monthly 
periodical  which  appeared  from  1888  to  1905,  after  which  time  it 
was  amalgamated  with  Ecotiomic  Geology.  In  1902  he  was 
president  of  the  Geological  Society  of  America,  and  he  was 
the  founder  of  the  Minnesota  Academy  of  Suiencea.  Since  1909 
he  had  been  in  charge  of  the  section  of  archeology  of  the  Min- 
nesota Historical  Society,  where  he  published  last  year  an  inter- 
esting volume  entitled  "  The  weathering  of  aboriginal  etone 
artifacts.     No.  I.    A  consideration  of  the  paleoliths  of  Kansas." 

Professor  Winchell  was  planning  to  celenratc  his  golden  wed- 
ding anniversary  neit  August,  and  last  winter  at  the  Princeton 
meeting  of  the  Geological  Society  of  America  he  looked  the  picture 
of  health,  and  as  if  he  had  many  more  years  of  activity  ahead  of 
him.  He  is  survived  by  his  widow,  two  sons,  Horace  V.  Win- 
chell and  Professor  Alexander  N,  Winchell,  and  three  daughters, 
Mrs.  U,  S.  Grant,  Mrs.  F.  N.  Slacey  and  Mrs.  B.  Draper  Dayton. 
Charles  Scuucbbrt. 

Professor  Chables  Santiago  Sandeks  Pbisce,  one  of  the  ablest 
raalbematicians  and  logicians  of  the  time,  and  a  man  of  original 
genins  and  character,  died  on  April  19  at  the  age  of  seventy-four 
years.  He  was  the  son  of  the  Professor  Benjamin  Peirce  of  Har- 
vard University  and  obtained  his  education  at  this  University. 
The  greater  part  of  his  life  was  given  to  study  and  research 
though  he  taught  for  a  time  at  Harvard  and  Johns  Hopkins. 
For  the  past  twenty-five  years  he  had  lived  in  the  mountains  near 
Milford,  Penn. 

Dr.  Eduard  Suesh,  tlie  veteran  Austrian  geologist  of  world- 
wide reputation  and  influence,  died  on  April  36  in  his  eighty-third 
year.     A  notice  is  deferred  till  a  later  number. 

Dr.  Jac«)UBS  Huber,  the  eminent  director  of  the  Bfuseu  Goeldi 
at  Pari,  Brazil,  died  on  February  18  in  his  forty-sixth  year. 

Robert  Kate  Gray,  active  in  technical  and  scientific  educa- 
tion and  one  of  the  founders  of  the  National  Physical  Laboratory, 
died  at  Brighton,  England,  on  April  28  at  the  age  of  eizty-two 
years. 
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